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The Merchant Blast Furnace in 1920 


Extraordinary Market and Business Conditions, in Addition to the 
Difficulties Encountered in the Realm of Transportation and Labor 
Made the Year Very Strenuous for Merchant Blast Furnaces. 


By KARL F. JUENGLING, 
Chief Engineer, Arthur G. MeKee & Company. 


HE year just passed has been a rather unusual 
T and strenuous one for the merchant blast furnace 

manager. Due to the general business and 
market conditions in the iron and steel trades it has 
been necessary for managing officials to watch most 
carefully the business problems continually arising, 
and it is therefore not at all unlikely that more con- 
sideration has been given to such questions as finances, 
sales, labor policies, purchases, exports and other con- 
tract obligations involving future commitments, than 
has been given to the more technical side of design or 
operation. 


In January, 1920, the price of foundry iron was ap- 
proximately $40 per ton at Pittsburgh. During the 
late summer months it had risen to a nominal figure 
of $50, although there is reason to believe that con- 
siderable tonnages changed hands at a figure several 
dollars above this price. Towards the end of the year 
a sudden and complete reversal took place, not only 
in the iron and steel markets, but in other commodi- 
ties as well, so that the price of foundry iron dropped 
in December to a nominal figure of $35 per ton and 
even with some makers offering tonnages for as much 
as $5 per ton under this price, the market was prac- 
tically at a standstill. 


A similar story can be told of the furnace coke 
market. This commodity, which is a governing factor 
in the production cost of pig iron, fluctuated during 
the year from $6 per ton at the ovens in the first 
months of the year, to $17 and even $20 per ton during 
the summer and back to $6 at the end of the year. 
The ore market was on a comparatively much more 
stable basis, due doubtless to the fact that require- 
ments for the entire year were largely covered and 
delivered before the end of the summer. 


In addition to such extraordinary market and busi- 
ness conditions, there were also similar and contingent 
dificulties encountered in the realm of transportation 
and labor. 


Accordingly in reviewing developments in mer- 
chant blast furnace operations during 1920, it is very 
probable that most furnace managers were more con- 
cerned with guessing which way the market in raw 
materials and product was going to jump, with turn- 
ing out tonnage and providing the most necessary im- 
provements in almost any way possible to get results 
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rather than to spend any great amount of time or 
thought in working out improvements in design or 
operation. 

Stimulated by the general activity a considerable 
amount of new construction as well as reconstruction 
and extension has been undertaken, and, while we can 
point to no one marked improvement during the past 
12 months in either design or construction over the 
previous few years, there was a widespread tendency 
towards giving more careful consideration to a large 
number of details of operation, which formerly were 
considered quite unimportant, and the cumulative re- 
sults of such efforts at refinement will no doubt be of 
great benefit in the future. oe. 

In the design of the furnace itself the tendency has 
been to adhere to the most salient features as evolved 
during the past four or five years, such as the steeper 
bosh angle, 80 degrees or thereabouts, the compara- 
tively larger hearth diameters, the decreased height 
of the bosh and the more careful proportioning of the 
inwall and stock. lines. 

The importance of the careful handling, screening 
and sizing of the coke and limestone has been almost 
universally recognized and in the new projects we 
find equipment or apparatus for accomplishing this 
purpose installed where it was formerly considered 
unnecessary. 

There is ample evidence that the proper distribu- 
tion of the charge in the furnace is being more and 
more appreciated, particularly with the rather indiffer- 
ent quality of raw materials available during the year, 
and more of the rotating type of stock distributors 
were installed on furnaces during 1920 than in any 
previous year. 


The labor situation has also brought to a head the 
importance of providing the most modern and up-to- 
date equipment for the handling not only of the raw 
materials to the furnace, but also the finished product 
from the furnace, and accordingly during the past year 
a number of skip hoist and bin systems have been 
added to existing hand filled furnaces. Similarly a 
considerable number of pig casting machines was in- 
stalled to eliminate the labor involved in handling the 
furnace product. 


Perhaps the most distinct advantage during the 
year in the practice of handling the cast of a furnace 
was the plan adopted by an eastern Pennsylvania pro- 


128 ’ The Blast bumace™ Stee! Plant 


ducer, and recently placed in operation. A closed top 
mixer type hot metal ladle mounted on standard rail- 
way trucks and provided with a self-contained tipping 
device, is placed on a track directly under the iron 
runner. On the opposite side of this track is placed 
the standard pig casting machine, and after the cast 
of the furnace has been taken by the ladle, it 1s simply 
tipped over to the other side into the pig machine. 

With this arrangement skull losses are entirely 
eliminated, the amount of labor necessary is very 
small, no switching is required except that necessary 
for the finished pigs, no overhead cranes are required 
for tilting the ladle and the first cost is considerably 
less than any previous installation of similar general 
arrangement. 

More interest has been shown this year in the 
subject of gas cleaning than previously. Heretofore 
only the larger plants treated this subject seriously, 
but recently single furnace plants have taken steps to 
improve their gas conditions. The development of the 
various dry cleaning processes has been closely 
watched and very definite improvements have been 
made which will undoubtedly lead to their further 
adoption. 

With the use of cleaner gas, smaller checkers in 
the hot blast stoves are possible and in the new plants 
built during the year such designs have been largely 
adopted. Also the cleaner gas makes it possible to 
adopt more refined types of boiler and stove gas burn- 
ers and many such of various designs have been in- 
stalled. 

We have also noted a very general tendency among 
the merchant furnace operators to definitely improve 
the efficiency of their power plant operation and a 
considerable number have secured capable technical 
help whose sole duty consists in achieving and main- 
taining an efficiency which was previously sadly lack- 
ing and apparently possible only in the larger plants. 
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Such procedure, together with the more general adop- 
tion and installation of a sufficient number of proper 
recording and measuring instruments in the power 
plant, will undoubtedly effect savings which will be 
greatly appreciated in times of more strenuous com- 
petition. 

The increased freight rates and the higher price of 
ores of all kinds, together with the considerable ac- 
cumulation of flue dust in the various merchant plants 
.as markedly increased the interest shown in the vari- 
ous sintering processes and several installations of this 
kind are now being built. 

In conclusion, we may say that the year of 1920 
has been a period of close attention to purely business 
matters, largely to the exclusive consideration of 
improvements in plants and operating methods and 
efficiency. In this respect the industry is running 
quite true to form. 

In time of intense production as well as in time 
of readjustment to new conditions and lower prices, 
the attention of all the leaders of the industry is im- 
peratively directed toward the making of maximum 
outputs and the study of market conditions and prob- 
lems of finance. 


It is safe to predict that the coming year will also 
repeat the history of the past, at least to the extent 
of giving time and incentive to the development of 
new and better equipment and methods of manufac- 
ture, and we are already hearing rumors of expected 
improvement in many directions. 


We confidently hope that 1921 will be a year of 
rapid readjustment to the new conditions, the perfect- 
ing of many new and useful improvements in the art 
and a return to normal conditions of the industry 
with a steady demand for a large tonnage at reason- 
able prices, a fair profit, higher efficiency of produc- 
tion and a truly Happy New Year for everyone con- 
nected with the industry. 


Boiler Feed Water Purification 


New Water Softening Plant Installed at the Blast Furnace of the 
American Coke and Chemical Company, Granite City, Illinois. 


nace recently installed by the American Coke & 

Chemical Co., at Granite City, Ill., is obtained 
from wells. In order to keep the water consumption 
at a minimum, a circulating system was installed that 
first supplies the water to cooling and condensing 
equipment. It is then distributed for other uses. 


The water for boiler feed is taken from the con- 
denser hot well at a temperature of approximately 100 
degrees F. The volume required is 750,000 gallons 
per 24 hours. This water contains approximately 15 
grains per gallon of dissolved scale forming sub- 
stances or the equivalent of about two pounds of scale 
per 1000 gallons. This hard water is delivered from 

. the hot well to a We-Fu-Go water softening and puri- 
fying system consisting of two reinforced concrete 
reaction-settling tanks 34 feet in diameter by 25 feet 
4 inches high, inside dimensions. These tanks are 
equipped with mechanical stirring devices operated by 
5 hp electric motors direct connected with speed trans- 
formers to the driving gear. | 


Auxiliary to these reaction-settling tanks there is 


te water supply for the new 500-ton blast fur- 
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a small steel tank in which the reagents used in soften- 
ing are mixed and from which they are delivered into 
the tanks by means of a steam jet pump. 


Fach reaction-settling tank is provided with con- 
nections through which to fill the tanks and to flush 
out the sludge. These connections are placed in the 
bottom of the tank. The flushing of the sludge from 
a tank needs to be done only about once per week, or 
when the accumulation reaches a depth of about one 
foot. The accumulated sludge is flushed out after a 
tank has been emptied to a depth fixed by the stop on 
the floating outlet pipe. The small volume of water 
remaining below the floating outlet pipe and the ac- 
cumulated sludge are mixed by the stirring device, 
and in this condition it readily flows through the 
sewer connection into the sewer. The filling line is 
connected to the sludge blow-off line so that the stop- 
page of the sludge line is prevented by washing 
through the line every time a tank is filled. 


All of the main operating valves in the connections 
to the reaction-settling tanks are hydraulically oper- 
ated from an independent pressure system with dupli- 
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cate steam pumps and a pneumatic pressure tank. The 
operating cocks for these valves are located on a panel 
in the filter house. On this panel there are also lo- 
cated the switches for operating the stirring device 
motors, and the alarm bells and switches for the high 
water and low water alarms which notify the operator 
when the reaction-settling tanks are full or empty. 
The reaction-settling tanks are also equipped with 
altitude gauges also located on the operating panel. 
These gauges record the time in which the tanks are 
filled, how long they have settled and the time in 
which they empty. They also record the time at 
which samples for testing are drawn and the time 
when the sludge is removed from the tanks. These 
recording gauges give a complete history of the cycle 
of operation for each tank. 


The reaction tanks each hold four hours’ supply of 


water and they are alternately filled and treated. . 


While a tank is being filled the reagents are introduced 
and thoroughly mixed with the water by means of the 
mechanical stirring devices. After the tank is filled, 
the stirring devices are stopped and the water becomes 


Fig. 1—Exterior view of new water softening plant. 


static, allowing the precipitates resulting from the 
chemical reactions, to settle to the bottom of the 
tank. The softened and settled water is then drawn 
from the tank through a floating outlet pipe arranged 
to rise and fall with the level of the water. By this 
arrangement the travel of the pipe is automatically 
regulated by a stop which fixes the volume drawn and 
prevents the settled sludge from being drawn from 
the tank through this pipe. The floating outlet pipe 
delivers the settled water to two rectangular concrete 
gravity filter units with especially equipped strainer- 
manifold and a separate air wash system made up 
with brass pipe manifold. The filter beds consist of 
crushed quartz. 


The rate of flow from the reaction-settling tanks 
to the filters is automatically controlled so that they 
are supplied with water as fast as it is delivered from 
them into a purified water basin directly beneath the 
filters. The level of the water in this basin controls 
the flow from the filters, so that when the basin be- 
comes full, the supply from the filters is automatically 
shut off. When this is shut off the rise of the water 
level in the filters automatically closes off the supply 
coming from the reaction-settling tanks. The purified 
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water basin serves as a balancing tank for irregular 
or sudden demands for boiler feed, and the capacity 
is such that the requirements for boiler feed do not 
interfere with the proper operation of the water soft- 
ening equipment as a whole. With this arrangement, 
uniform treatment is obtainable regardless of any 
variations in the rate at which the purified water is 
being used. 


While one reaction tank is being filled, treated and 
settled, the other is supplying treated water. When 
this tank is empty the first tank is ready for use. 


The filters are washed by reversing the flow of the 
water through them in conjunction with the agitation 
provided by compressed air. The wash water carry- 
ing the collected sludge is run into the sewer. The 
washing of the filters needs to be done only every four 
or five days. 


Provisions have been made in the system, as in- 
stalled, for increasing the capacity by adding reaction- 
settling tank units and filter units without changing 
any of the present apparatus. The accompanying il- 
lustrations show in a general outline the arrangement 


Fig. 2—General arrangement of filter house. 


and structural details. 


The method employed in softening and purifying 
the water in this equipment gives a maximum soften- 
ing effect with a minimum of reagents, and enables 
the operator to have absolute control over the feed 
water so as to standardize it for all conditions of the 
raw water regardless of the rate of use in the boilers. 


The softened and purified water delivered from the 
filters into the basin contains a total of less than two 
grains of silica, calcium and magnesium per U. S. 
gallon, and the hardness due to calcium and magne- 
sium is less than 1% grains per gallon. This result 
is constantly obtainable since the process is indepen- 
dent of mechanically operated features that are di- 
rectly connected with the volume of water that must 
be supplied to the boiler feed pumps. 


The water softening equipment was furnished by 
William B. Scaife & Sons Co., Pittsburgh, Pa., and 
the foundations, concrete tanks and filter house were 
installed under the supervision of the Engineering De- 
partment of the St. Louis Coke & Chemical Co., C. S. 
Lomax, Chief Engineer. 
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Restoring Belgium Steel Plants 


Rebuilding of the Ougree-Marihaye Steel Plants, Which Were 
Destroyed by the Germans, Proceeding With Great Speed—Plants 
Are Rapidly Reaching Pre-War Production. 


By GUSTAVE NEVE, 
Ougree Marihaye Steel Works, Liege, Belgium. 


nations during the war because of their courage- 

ous stand before the rush of the German armies, 
so they have also won the foremost admiration of the 
entire world after the war, because of the wonderful 
progress they have made in bringing their country 
back to its pre-war position in industrial activities. 


i as Belgium won the sympathy of the entente 


Although the Germans occupied a large part of 
this country for over four years and removed and de- 
stroyed the largest part of their manufacturing equip- 
ment, they have in the course of the last year and a 
half rebuilt and repaired the damage done to such an 
extent that their industrial plants are now reaching 
nearly their pre-war production. 


This is particularly true of the steel industry in 
which the Ougree Marihaye Company not only occu- 
pies the leading position in the metallurgical industry 
of Belgium, but is one of the foremost in the European 
countries. Its plants in Ougree and Marihaye, Bel- 
gium, consist of blast furnaces, steel plants and rolling 
mills. With its subsidiary companies it not only con- 
trols important coal mines located in Bray and Six- 
Bonniers, but the foundries of A. Ketin at Scilessin 
and the tube plant of Meuse at Flemalle-Haut. In 
addition it has large holdings in the blast furnaces of 
La Chiers, the iron works of Vireux-Molhain, the ore 
companies of Joudreville, Montiers and Sexey, and the 
blast furnaces, steel mills, rolling mills and iron mines 
at Rodange (Grand Duchy of Luxembourg) and its 
plant at Quint, near Trever. 


The eight blast furnaces at the Ougree Steel Works 
at Liege in 1913 made 320,000 tons of iron and its steel 
mill production was 500,000 tons of ingots. The steel 
manufacturing departments supplied a total of about 
15 rolling mills, the principle products of which were, 
sheets, iron, girders, plates, rails, axles, wire and 
structural shapes. 


As soon as the Germans entered Belgium they 
took over this large steel plant with the thought of 
removing the machinery to Germany. This, they 
started out to do in very rapid manner and within a 
short time they had removed or destroyed the follow- 
ing equipment: 


Four blast furnaces, out of the eight. were com- 
pletely destroyed and the other four were very badly 
damaged; one large mixer was removed and another 
one was rendered absolutely useless: a Thomas steel 
plant consisting of 6 converters was so badly damaged 
that it was absolutely useless. A complete slag 
breaker including seven grinders and their accessories, 
such as boilers and power houses, was transferred to 
Germany. Twelve rolling mills, various shops for fin- 
ishing rails, girders, plates, repair shops. testing 
rooms, carpenter shops, cranes, 178 electric motors of 
4,500 hp and 18 gas and steam engines of 9.400 hp 
were taken into Germany. All together, a total of 


Google 


103.351,389 tons of equipment was taken from. this 
plant alone back into Germany. | 


After all the available parts had been removed, a 
destruction company, under the supervision of a Ger- 
man professor, took over the plant and destroyed the 
remaining parts. Photographs shown on the next 
page, illustrate to a small extent the amount of dam- 
age done to this particular plant. Fig. 1, rear view of 
the rail and beam mill before destruction; Fig. 2, rear 
view of the rail and beam mill after destruction; Fig. 
3, front view of rail and beam mill before destruction; 
lig. 5, front view of rail and beam mill after destruc- 
tion; Fig. 4, finishing shop of mills before destruction ; 
lig. 6, finishing shop of mills after destruction; Fig. 
7, view of blast furnaces Nos. 2,3 and 5 after destruc- 
tion; Fig. 8. other rear view of rail and beam mill 
after destruction, and Fig. 9, rear view of blooming 
mill after destruction. 


The foregoing refers only to the Ougree-Marthaye 
Steel Works. Other steel plants of Belgium suffered a 
similar destruction, as for example, the John Cockerill 
plant at Leraing, the Fabrique National d’ Armes de 
Guerre at Llerstal and the Providence Works near Char- 
lero. 

However, immediately upon the signing of the 
armistice, the Belgiums started rebuilding these 
ruined plants. Although handicapped considerably by 
the lack of transportation facilities, shortage of raw 
material, restrictive legislation and regulation on eco- 
nomic matters, they have managed to restore their 
plants until they have again put the Ougree Marihaye 
Company in the front ranks of the European industrial 
plants. Four blast furnaces have been refired and their 
production has reached two-thirds of their 1913 pro- 
duction. The steel mills now consist of four Thomas 
retorts instead of six before the war, six open hearth fur- 
naces instead of four before the war and an electric 
furnace. All together the production has reached 
nearly 7O per cent of its former total. 


This is but an example of the energy with which 
one company has started to rebuild its plant. In 
France two blast furnaces running at La Chiers and 
an open hearth furnace is in operation at Vireux-Molhain. 
The tire mill and billet mill are also in operation at 
the latter plant. 


At the John Cockerill plant, which was originally 
established in 1824, and is one of the largest industrial 
iron and stecl plants in Europe, rebuilding has been 
carried on to approximately the same extent, until the 
plant at Seraing is now operating almost at its nor- 
mal capacity. 


The foregoing indicates the strides made by the 
Belgium steel industry toward its recovery to pre-war 
production basis, a fact of considerable importance to 
steel makers of this country, where already the influ- 
ence of Belgium competition in the sale of tonnage 
for export has been felt. 
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New Blast Furnace Built at Midland 


Additions to the Pumping Station, Blowing Engine House, Power 
House and Boiler House Are Also Made by the Pittsburgh 
Crucible Steel Company at Their Midland Plant. 


NE of the several important additions to the 
O plant of the Pittsburgh Crucible Steel Company 

at Midland, Pa., is that of a new 600-ton furnace. 
This was only recently completed and will furnish 
iron, in addition to that of the older furnace, to the 
existing 12 open hearth furnaces, and, as occasion de- 
mands, will supply pig iron to several of the various 
plants of the Crucible Steel Company of America, of 
which the Pittsburgh Crucible Steel Company is a 
subsidiary. 

The furnace stack is 92 feet 0 inches high with a 
hearth 18 feet O inches diameter, both 22 feet 6 inches 
diameter, stock line 16 feet O inches, and bell 12 feet 
0 inches diameter. The top inwall is lined with cast 
steel plates to resist the abrasive action of the stock. 
The lines of the furnace and other principal dimen- 
sions may be seen in the sectional view shown in the 
illustration. The design of the furnace throughout is 
of heavy construction, especially the hearth jacket, 
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which consists of cast steel segments bolted together 
and reinforced by heavy rolled steel bands, while the 
cooling effect is obtained by the use of cast iron plates 
enclosing water pipes, placed inside the hearth jacket. 
The shell is supported on eight massive inclined cast 
iron columns, spaced alternately 36 and 54 degrees 
apart, the larger space occuring at the iron tap hole 
and the cinder notch, which are 90 degrees apart. 
There are 12 tuyeres, and two cinder notches 180 de- 
grees apart. The columns are spread out at the base, 
resulting in an inclination greater than would ordi- 
narily be required, to make provision for a possible 
future enlargement of the hearth diameter. ‘The 
double skip incline bridge is supported on an inde- 
pendent structure, and in this manner relieves the 
furnace shell of any load from this source. 

An electrically operated McKee automatic distribu- 
tor is provided with separate control for six skip four 
station and six skip six station cycles. This control 
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Fig. 1—General view of blast furnaces, high line, ore bridge and ore yard. 
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is located in the hoist house and is directly connected 
with the drum shaft of the skip hoist. Both large and 
small bells are operated by utilizing air from the cold 


blast main, while an independent auxiliary source of 
supply is obtained from a high pressure air line in 
case of emergency due to lack of sufficient pressure 
in the cold blast main. The hoist house is located 
just under the skip incline bridge between the furnace 
and the coke bins, and above the cinder car tracks, 
and contains an Otis electrically operated double skip 
hoist, with automatic control boards for the hoist and 
the McKee distributor, in addition to the cylinders 
which operate the large and small bell. Ample room 
is provided to store a spare armature for the hoist 
as well as other repair parts. The operation of the 
hoist, sounding rods, and bell indicators is controlled 
by the operator placed on the level of the scale car 
floor of the stock bins at a point convenient to ob- 
serve the filling of the skip cars. For convenience in 
handling repair material on top of the furnace there 
is provided a 25-ton movable trolley and a 3-ton ro- 
tative jib crane. The cast house is equipped with a 
15-ton electric overhead traveling crane. 


Stoves for New Blast Furnace. 


Three 2-pass side combustion stoves are used, 23 
feet O inches diameter, 105 feet 0 inches high, contain- 
ing 294,000 square feet of heating surface. The 
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checker flues are 434 inches square; and the size of 
the brick 6 x 2% x 12 inches. The stoves are served 
by a single stack 7% feet in diameter, 200 feet 0 inches 
high. One Berkholtz-Terbeck burner and two revolv- 
ing chimney valves are furnished with each stove, and 
the relief valve is connected directly to the under- 
ground flue common to stoves and stacks. A combined 
passenger and freight elevator running to the top plat- 
form of the stoves, a distance of 92 feet 6 inches from 
the base of the stoves is placed near the stack for the 
convenience of the workmen. This elevator, which 
has a 5 by 7 foot platform, has a capacity of 2,500 
pounds and is electrically operated at a speed of 100 
feet per minute. A stairway, divided into short flights, 
surrounds the elevator tower, and affords another 
means of access to the top platform. 


Gas Cleaning. 

After the gas leaves the dust catcher, which is 
25 feet 0 inches diameter by 35 feet 0 inches high, it 
is conducted to a nine unit Kling-Weidlein dry cleaner 
capable of cleaning the dust from the gas of both fur- 
naces. The surplus gas which is not used at the 
stoves is utilized under the boilers. At mecessary 
points in the gas mains, Kling-Weidlein goggle valves 
are placed to afford a quick means of controlling the 
gas, and to sentionalize various parts of the gas sys- 
tem. 


Fig. 2—Interior view of a section of the power house. 
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Coke and Ore Bins. 


Stock from the ore yard is delivered to Hoover 
Mason ore and coke bins, consisting of 10 double 
stock pockets spaced 14 feet 0 inches on centers and 
‘one central coke bin located directly above the fur- 
nace skips. The bins are of heavy type steel construc- 
tion with double louvers and 5-foot O-inch drums on 
each side. Two double compartment scale cars are 
used capable of withstanding charges up to 30,000 
pounds, equipped with bottom doors of manganese 
steel. The cars are operated with 35 hp railway type 
motors with standard drum controller and are fur- 
nished with standard indicating and recording appar- 
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Fig. 3—Section of the furnace. 


atus. The usual standard method of operations for 
this type of bin has been adopted. 


Car Dumper. 


The raw material is received on cars by a Wellman- 
Seaver-Morgan movable car dumper electrically oper- 
ated. The track on which the car dumper travels is 
1,750 feet long and runs parallel to the ore bridge yard 
which covers a length of 2,005 feet between bridge 
cable anchors. With the erection of the new blast 
furnace it was found necessary to increase the extent 
of the ore yard which is about double that which it 
was formerly and now has a maximum storage capa- 
city of 1,300,000 tons. 


The car dumper is arranged for handling all types 
of open top railway cars in sizes ranging from 6 feet 
6 inches to 12 feet 0 inches high, width up to 11 feet 
O inches, and an overall length of 54 feet 0 inches. 
The maximum capacity of cars which this machine 1s 
designed to handle will have a total weight, cars and 
contents, of 280,000 pounds and dumping speed may 
be regulated to give a capacity of 30 cars an hour. 
The travel speed of the entire machine along the run- 
way is 75 feet 0 inches per minute. A slight modifi- 
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cation from the usual standard design for the machin- 
ery housing was necessary on account of interference 
due to the overhang of the ore bridge. This inter- 
ference was eliminated by discarding the usual hous- 
ing which embraces the entire machinery floor and 
covering only the motors and adjacent machinery with 
a small housing. The frame work of this machine 
was also modified to the extent of making the distance 
between end posts several feet greater than previous 
designs in order to provide for the possible use in the 
future of longer cars than are at present used. 

From the car dumper the stock is unloaded into a 
concrete receiving pit running parallel to the entire 
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Fig. 4—View of the blast furnace. 


length of the runway, whence it is removed by two 
traveling bridges of Hoover Mason design (one hav- 
ing a capacity of 15 tons and the other. of 7% tons) 
to the respective stock piles. This reduces the travel 
of the ore bridges to a minimum as the car dumper 
deposits the stock directly opposite the stock piles. 
Again in charging the bins at the furnace the bridge 
is placed over the pile of desired stock and the bucket 
deposits its load into a 60-ton Hoover & Mason ore 
transfer side dump car which travels on an elevated ~ 
steel trestle at an elevation of 32 feet above the yard 
level, the tracks of which are an extension of. those 
on the stock bins. The trestle is double tracked at 
each end for a short way, the shorter track next to the 
ore yard extending a sufficient distance .from the 
stock bins to control the delivery of ore required for 
the second furnace and to reduce the travel of the ore 
bridges to a minimum. The longer track extends the 
full length of the trestle, a distance of approximately 
1,165 feet to the coke bin at the recently completed 
coke oven plant. After the coke is delivered to this 
bin from the coke ovens it is conveyed to the central 
coke bin at the furnace by means of a one side de- 
livery coke car manufactured by the Atlas Car Mfg. 
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Fig. 6—Section through the stoves. 
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Company, and has a hopper capacity of 2,100 cubic 
feet and a weight capacity of 30 tons. This car is 
electrically operated and is provided with two 59 hp 
railway type motors, with a cab on each'end for hous- 
ing the operator and control equipment. The total 
weight of car and load is 80 tons. 

The coke from the central bin enters the skip 
buckets through chutes which contain manganese 
screening plates. The coke braize is collected below 
the screens on one side of the skip bridge by a re- 
ceiving hopper, which also receives the braize from 
the other side by means of a 16-inch belt conveyor, 
crossing under the skip bridge. From this hopper the 


bow. 


t 
a |i 
seco SN 


Fig. 7—Section through the boiler house. 


braize passes into a self measuring bucket which in 
turn deposits its contents into a skip tub of 27 cubic 
feet capacity. On the pressure of a button, the tub 
is elevated on an inclined runway by means of an 
electrically operated hoist, and the braize dumped into 
a storage bin of 80,000 pounds capacity placed along 
side and above one of the cinder car tracks. When a 
sufficient quantity of braize has accumulated in the 
storage bin, it is discharged into a car through two 
chutes with gates controlled by hand levers operated 
on the ground level. The hoist control is so arranged 
that one pressure of the button results in a complete 
cycle of operation, consisting of raising, dumping and 
lowering the tub, and the automatic filling of the 
measuring bucket. 

The erection of the new blast furnace required an 
extension of the existing boiler, power, pump, and 
blowing engine houses, to all of which additions were 
made of a greater or less proportion. 
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In the blowing engine house the equipment was 
increased by a 42 and & and 84 and 84 by 60 inch 
horizontal compound blowing engine made by the 
Mesta Machine Company, having the high pressure 
steam valve gear of double valve type for superheated 
steam, and the low pressure steam valve of the Corliss 
type, designed to be operated at 175 pounds steam 
pressure and 100 degrees superheat. It is intended to 
operate at a normal speed of 60 rpm, and a maximum 
of 75, with a normal air pressure of 18 pounds and a 
maximum of 25 pounds. A Richardson Phoenix auto- 
matic oiling system of a capacity of 500 gallons per 
hour furnishes the means of lubricating this engine. 
and the engines furnishing air for the old 
blast furnace. An independent cold blast main runs 
to each furnace and the arrangement is such that the 
cold blast may be delivered to either furnace from the 
new blowing engine or the two older engines. All 
engines are served in common by one 96-inch type 
“A” Helander barometric condenser and one 12 x 24 
x 21 inch dry air pump. 

Pumping Equipment. 

The main pumping station, located on the Ohio 
river bank, was extended and equipped with two De- 
Laval and one R. D. Wood single stage vertical pump- 
ing units, each with a capacity of 15,000,000 gallons 
per 24 hours, operating against a maximum head of 
135 feet including suction. Four of the pumps are di- 
rect connected with General Electric motors of 550 
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Fig. 8—Interior view of boiler house. 


hp supplied with alternating current of 6,600 volts tu 
run at a speed of 720 rpm. The total capacity of the 
pumping station including the two older pumps is 
now 75,000,000 gallons per day of 24 hours. To pro- 
vide against a breakdown of the alternating current 
lines, and to insure at all times a partial supply of 
water to the plant, especially to the blast furnace and 
open hearth furnaces, one of the five motors is con- 
nected to the 230 volt direct current system. 

A 10-ton Toledo crane has been installed, equipped 
with 16 hp, and 3 hp electric motors for the hoist and 
trolley travel, while the bridge travel is controlled by 
hand. 

- The intake wells are provided with two Rex ver- 
tical traveling water screens, manufactured by the 
Chain Belt Company, each driven by a 10 hp direct 
current motor. 

The auxiliary pump house which supplies water to 
the 100-foot standpipe for general service was in- 
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creased by the addition of two De Laval 16-inch single 
stage double suction horizontal type centrifugal 
pumps, each mounted on a common bed plate and di- 
rect connected by means of a flexible coupling to a 
DeLaval turbine equipped with a standard governor. 
When operating at a speed of 1,200 rpm each pump 
will deliver 7,000 gallons of water per minute against 
a total gage head, including suction lift, not greater 
than 15 feet of 105 feet, with an efficiency of not less 
than 78 per cent, requiring 238 brake horse power. 


The generating capacity of the power house has 
been more than doubled by the installation of a 12,500 
K. V. A. General Electric turbine generator set, oper- 
ating on 3 phase, 25 cycles, and 6,600 volts, the exci- 
tation of which is obtained by means of a direct con- 
nected 75 K. W. 250 volt generator. The turbine ex- 
hausts into a Westinghouse LeBlanc low level jet 
condenser, equipped with a 270 hp non-condensing 
steam turbine, with provision for the future of a di- 
rect connected motor drive. Cooling air is supplied 
to the generator by means of a 33,000 cubic feet per 


Fig. 9—View of Otis Skip Hoist. 


minute air washer No. 6-D type “A” manufactured 
by the Carrier Air Conditioning Company. Provi- 
sions are made to take the incoming air from the out- 
side or inside of the building and_to discharge it partly 
or entrely to the outside of the building as conditions 
may require. A 1,000 kw motor generator set was 
installed to take care of additional demands of the 
new blast furnace equipment. For voltage regulation 
a duplicate K-24 Tirrell regulator is installed. The 
turbine generators are “Y” connected with the neutral 
grounded through resistance. A double bus, double 
switching system has been employed, using General 
Electric type H-3 oil switches and auxiliary equip- 
ment. From the power house duplicate lines are run 
to six substations through underground cable feed 
system. 


Boiler House Extension. 


The boiler house is an extension to the old blast 
furnace boiler plant and consists of seven 823 hp class 
M-30 Stirling boilers, designed to operate at 22 pounds 
gauge pressure. Each boiler is equipped with Foster 
superheaters, giving 100 degrees F. superheat to the 
steam. There are four perforated Radical brick chim- 
neys 9 feet 6 inches diameter by 200 feet high, erected 
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by the Rust Engineering Company, each designed to 
remove the flue gases from two boilers. Space has 
been provided for an eight boiler, which will complete 
the battery. 

Boilers Nos. 1 and 2 are each fired with six 10-inch 
Berkholtz-Terbeck blast furnace gas burners of the 
aspirating type with combined primary and secondary 
air inlets. Boiler water is fed to each boiler by a type 
“A” Stets boiler feed water controller, designed for 
a differential pressure of water and steam of 1s pounds, 
the boilers to operate from 100 to 150 per cent of 
rating. The blast furnace gas is delivered to the old 
and new gas fired boiler from the gas cleaners through 
a 7 foot 9 inch I. D. brick-lined steel main at a tem- 
perature of about 350 degrees F. and a pressure of 
about 8 inches of water. 

Boilers Nos. 3, 4, 5, and 6 are each fired with 
Westinghouse underfeed stokers of 8 rotors each, de- 
signed to burn slack coal, and are chain driven from 


Fig. 10—Switchboard controlling hoist and top of the furnace. 


a line shaft under the floor. A Westinghouse Engine, 
size 5 by 6 inches is installed at each end of this line 
shaft, also chain driven, and each engine is equipped 
with a Ruggles-Klingermann governor, which in- 
creases or decreases the engine speed as the steam 
pressure varies. One engine acts as a spare. Each 
stoker dumps ashes into a 275 cubic feet cast iron ash 
hopper, equipped with twin arrow ash gates, which in 
turn empties into a Koppel steel hopper ash car of 
40 cubic feet capacity. This car is electrically oper- 
ated, travels through the ash tunnel under the boilers 
and discharges into an outside ash pit. This pit is di- 
rectly under a Morgan three-motor traveling trolley 
bucket crane, operating a 4 cubic yard Blaw Knox 
speedster type grab bucket, which hoists the ashes 
into an overhead brick-lined ash bin, equipped with 
chutes to discharge ashes directly in hopper or side 
dump cars. 

Boiler No. 7 is fired with a Coxe stoker, designed 
to burn coke braize, is motor driven and equipped with 
a Detrick arch with fantail ignition arch. This stoker 
discharges into a 260 cubic feet ash hopper, which 
empties into the ash car. 

Boilers Nos. 3, 4, 5, 6 and 7 are equipped with 
type “A” Stets boiler feed water controllers, designed 
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for a differential pressure of water and steam of 15 
pounds, with the boilers operating from 150 to 300 
per cent of rating. These boilers are also equipped 
with Vulcan Soot Cleaners, each consisting of a two- 
inch system of six revolving elements. 


Each boiler is equipped with a Bristol recording 
flue gas temperature gauge and three Hays draft 
gauges. One of these is a direct reading gauge indi- 
cating the air pressure in the forced draft air distri- 
buting ducts, and two are differential gauges, one 
showing the draft in the furnace and the other the 
draft either at the breaching connection to the boiler 
in front of the damper or the draft loss from the fur- 
nace to the damper. 


The flue gas is analyzed by the Hays automatic 
recording CO instrument, so designed that it may 
record the CO, from any one of the seven 


boilers. In order to analyze flue gas from the blast 
furnace gas fired boilers as well as from the coal and 
coke braize fired boilers, the range of the instrument 


Fig. 11—General view of the furnace. 


is up to 30 per cent. In connection with the recording 
instrument, a Hays Portable Gas Analysis instrument 
is used to check the CO,, CO and O2 in the flue gases. 


Boiler feed water is heated in a Cochrane elliptical 
metering heater, with exhaust steam from the boiler 
plant forced draft fan turbines, the boiler feed tur- 
bines, stoker engines, and the auxiliary pump house 
turbines. An adjustable 24-inch Cochrane multiport 
relief valve protects the heater from excessive pres- 
sure. The capacity of this heater is 328,000 inches per 
hour, equivalent to 10,933 hp continuous operation. 
The V-notch meter wier is designed to pass water at 
the rate of 500,000 pounds per hour with a maximum 
rate of 625,000 pounds per hour. The meter consists 
of a V-notch weir and float, directly connected to. an 
indicating, integrating and recording instrument with 
a 24 hour chart clock enclosed in a dust and moisture 
proof steel case. This meter is elevated so that it wi'l 
give a positive head of 8 feet to the boiler feed pumps. 
To record the water temperature, a Bristol recording 
temperature gauge is connected to the inlet and outlet 
of the heater. The water is delivered to the boilers 
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by three DeLaval 3-stage 8-inch single suction hy- 
draulically balanced boiler feed pumps, each mounted 
on a common cast iron bed plate with and direct con- 
nected by means of a DeLaval flexible coupling to a 
258 bhp DeLaval turbine equipped with an excess 
pressure governor and Copes differential pressure 
pump governor. One pump will serve the new boiler 
plant, one the old boiler plant, and the third will act 
as a spare. 


Air is delivered to the five stoker fired boilers by 
three No. 5%4 “R. B.” double inlet radial flow forced 
draft Green Fuel Economizer fans, of 64,000 cubic feet 
per minute capacity each, against five inches water 
pressure. Each fan is directly connected to a size 3-C, 
solid type, Kerr turbine, rated at 100 hp at 1,150 rpm. 
Two fans to operate for maximum load, one to be a 
spare. Each turbine is governed by a Ruggles-Klein- 
germann governor which increases or decreases the 
turbine rpm as the steam pressure varies. 


Fuel is received in two pits, one for coke braize 
and one for slack coal. Hopper cars drop the flue 
through 3-inch screens into chutes which discharge 
directly into the pits. The fuel is then hoisted and 
dropped into the individual bins above and in front of 
each stoker fired by the Morgan trolley crane and 
Blaw-Knox, 4 cubic yard grab bucket. 


Steam is delivered from each boiler through an 
8-inch pipe to a 16-inch loop header. Each 8-inch pipe 
is equipped with a Crane non-return valve and a Gen- 
eral Electric steam flow 'nozzle for metering steam 
flow. At the side of each boiler is a General Electric 
steam flow meter of the indicating and recording type. 
The steam distribution lines from the 16-inch loop 
header to the shops, coke oven plant, auxiliary pump 


house, blast furnace, blowing engine, power house and 


12-inch tie line, connecting the blast furnace and 
blooming mill boiler plants, are equipped with Re- 
public steam flow pitot tubes and meters of the indi- 
cating, integrating and recording type, electrically 
operated, and located in the boiler plant pump room. 
Bristol recording steam pressure and temperature 
gauges are installed on each end of the header. This 
is necessary because the header is designed so that the 
coke oven plant may be operated with two or three 
boilers separate from the rest of the plant, and not re- 
ceive the steam pressure fluctuation due to change of 
blast furnace and mill operations. 


ENGINEERS FORM NEW STEEL WORKS 
SECTION. 


Approximately 100 members of the Engineers Society 
of Western Pennsylvania in an annual meeting held Jan- 
uary 12, at the William Penn Hotel, Pittsburgh, voted 
for the formation of a steel works section as approved 
by the board of directors, December 21. W. C. Hawley, 
Pennsylvania Water Company, Wilkinsburg, Pa., dis- 
cussed reconstruction and repairing problems encountered 
in waterworks engineering. Preceding Mr. Hawley’s 
address, which was illustrated, officers were elected as 
follows: President, G. H. Danforth, Jones & Laughlin 
Steel Co.; vice president, M. O. Knowles; treasurer, A. 
Stucki; secretary, K. F. Treschow. The new members 
of the board of directors are: L. F. W. Hildner and 
George T. Ladd. 
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Gases Obtained in Molten Steel 


Dealing With the Gases Which Manifest Themselves During Steel 
Making Operations—Classification of the Gases and How to Deal 
With Them in Order to Make the Product Sound. 


By HENRY D. HIBBARD. 
PART II. 


1. Gases in and evolved from molten decarburized 
iron. Molten desiliconized iron made by an oxidation 
process, which may be considered as unfinished steel, 
is always charged with gases, in some cases perhaps 
as plentifully as soda water with carbonic acid gas. 
These gases escape in bubbles which rise through the 
slag causing the so-called “boil” which gives by its 
peculiarities important information to the melter con- 
cerning the state of bath, though it is extremely diff- 
cult to describe. here is a proper boil for finishing 
each kind of steel according to its carbon content and 
whether it is to effervesce or be killed. For working 
out an excess of carbon a more vigorous boil is desired 
than for finishing. The addition of iron ore increases 
the boil for a given carbon. Generally speaking, the 
lower the carbon the less the vigor of the boil, and 
when that element is very low, say under 0.05 per 
cent, relatively few bubbles escape though the metal 
is heavily charged with gas. Stirring the bath with 
a bar of iron liberates these gases in great volume and 
they burn as they issue from the baths with what re- 
semb'es the blue carbonic oxide flame. H. H. Camp- 
bell found these gases to consist largely of carbonic 
oxide. or 82 per cent in one determination. The greater 
volume of CO with the lesser content of carbon in the 
meta! and the diminished boiling action indicate that 
the (QO is in solution in the iron, that is, that all CO 
did not leave the metal immediately upon formation 
but remained dissolved. 


Silicon in the metal in the open hearth bath pro- 
tects the carbon from oxidation and will therefore, 
when present, lessen the vigor of the boil. Such a 
condition may occur in working on an acid hearth high 
carbon steel, such as that for springs, the higher car- 
bon calling for proportionately more pig iron in the 
charge which adds more silicon at the same time. 
With 0.25 per cent of silicon the bath will lie dead and 
require the addition of ore to oxidize the silicon and 
bring on the boil to remove any excess of carbon which 
must be driven out to give the desired composition. 


The gases in molten iron which is to be made into 
solution steel should be gotten out of it as far as prac- 
ticable before the final additions are made, as those 
remaining will then be more fully dealt with by the 
solvents added and, freedom from gas holes will be 
favored. Stirring and boiling are about the only 
means for dislodging these gases or some of them 
which may be contained to the point of saturation or 
near it. 


In making effervescing steel on the other hand, 
ample supplies of CO gas must be allowed to remain 
in the metal to give the desired action in the molds. 


Many years ago excessive stirring was practiced 
at a steel works in this country in making soft open 
hearth steel, 30 rods of iron or steel one inch thick 
being used on a 20-ton charge. The practice was dis- 
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continued after a wé@ile as it was considered not to 
improve the steel. At that works, however, good effer- 
vescing steel was not made either with or without 
stirring as all the low carbon steel rose in the molds. 

2. Gases in and evolved from molten steel. Low 
carbon effervescing steel is first considered, the gases, 
by the correct amount of oxidation, properly limited 
use of solvents and right casting temperature, being 
caused to escape freély from the steel in the molds. 
These gases have been found to be chiefly carbonic 
oxide, but to contain a considerable proportion of hy- 
drogen and some nitrogen as well. The volume of 
these gases is many times the volume of the ingot. 
The proper rate of their evolution is such that the 
steel neither rises nor falls as it solidfies, but the ingot 
has a flat top when all frozen. The casting tempera- 
ture has a great effect on the rate of evolution of these 
gases. In proportion as it is too high the rate di- 
minishes to the detriment of the product, when the 
steel is far too hot there may be no evolution of these 
‘gases whatever, but the steel rises in the molds, due 
to the displacement of the metal by the profusion of 
skinholes formed. which will be considered later. 


If the steel is over-oxidized the volume of these 
mold-evolved gases may be excessively great. Soft 
basic steel which fills a mold at the end of teening 
may settle down to half or even less of the height of 
the ingot as the gases escape leaving a shell or “boot- 
led” of the shape of the upper half of the mold attached 
to the fairly solid base. Thus with the gas getting 
out of the metal as fast as it can the bubbles still 
within the liquid metal, equal half or more of the 
volume of the steel in the mold. 


The carbonic oxide gas in escaping from the steel 
probably carries off with it a considerable part of the 
hydrogen, both of that which is dissolved in the metal 
and that which has begun to collect in gas holes cling- 
ing to the freezing walls and which is unable to escape 
by itself. Presumably it carries off some of the nitro- 
gen as well. 


When air is exhausted around such molten steel 
to form a vacuum the evolution of gas is greatly in- 
creased. Bessemer tried it 60 years ago with the re- 
sult that the outrush of gas was so copious that over 
90 per cent of the molten metal was thrown out of the 
crucible which contained it. Baraduc-Muller* ex- 
tracted from mild basic Bessemer steel in one trial 
16.5 volumes of gas of which the average analysis was: 


Carbonic dioxide, CO2...... 00.0... cee eee eee 3.6 
ORY Be Ii garry acun fy wee, Shae a Reeve ate aes 9 
Carbonic oxide CO ...... 0.0.2 ce 30.5 
FAvdrO@en bocce deve botencare ta kade tak. aan’ 52.2 
Methane. CH i ices Gente esearch anna bane Utes 2 
NiLOD CH: Ga 2 oe ier entre sales cn ghstneee radars 12.7 


This quantity of gas amounted by weight to 0.13 
per cent of the steel or 3.9 pounds per ton. This steel 
was made when the weather was fine and the air con- 
sequently dryer than the average. He found that in 
rainy weather when the air held: more moisture the 
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volume of gas was 25 times that of the steel and pre- 
sumably it contained a considerably higher percentage 
of hydrogen. He also found that the percentage of 
CO diminished and that of hydrogen increased as the 
vacuum became more nearly perfect, which agrees with 
the work of others who have found the gas evolved 
from open molds to be chiefly carbonic oxide. 


Muller claimed that carbonic oxide is insoluble in 
solid steel, basing his conclusion on his failure to find 
it in the gases he obtained from cold steel. This claim 
is supported by the way in whjch CO escapes from 
good effervescing steel. The failure of CO to escape 
from excessively hot would be effervescing steel can 
apparently only be due to its decomposition, because 
of the high temperature of the bath, by the manganese 
added, with the formation of oxide of manganese, the 
liberated carbon being dissolved in the metal. In good 
effervescing steel the manganese added diminishes 
greatly the volume of CO in the metal and which is 
evolved, but at the lower temperature the decompo- 
sition of the CO is only partial, enough being left to 
make the effervescing desired. When, in some certain 
practice the evolution of the addition of from 2 to 5 
ounces of aluminum to the ton of steel in the ladle is 
made to lessen its vigor, though the larger amount 
mentioned is likely to cause a settle hole or short pipe 
at each ingot top which is not wanted in such steel. 
Probably less ore with gentler boil in the furnace at 
the end would make aluminum additions unnecessary. 


Though manganese apparently has the effect on 
CO noted, it has little or no power to keep hydrogen 
in solution. In effervescing steel the hydrogen separ- 
ates in bubbles which cling to the cooling walls and 
grow as the walls increase in thickness unless dis- 
lodged or swept away by the mechanical action of the 
rising CO bubbles. So when the CO is decomposed, 
and therefore cannot cause effervescence. and no sol- 
vent for the hydrogen is present, skinholes are formed 
and the steel rises in the molds. 


Silicon, aluminum and titanium seemingly have 
eaual or greater power than manganese to decompose 
CO, but they have in addition power to hold hydrogen, 
nirtogen and their derivatives in solution, and are 
therefore used as solvents in making solution steel, 
preventing the escape of gas and the formation of gas 
holes. A well-made charge of low carbon steel which 
would effvesce properly if allowed to do so is of 
higher carbon steel would rise, moderately. may be 
made into solid solution steel ingots by the addition 
of 0.2 or 0.3 per cent of silicon and 0.02 or 0.03 per 
cent of aluminum. Well-made solution steel does not 
evolve gas during teeming, though when melted and 
exposed to the air as in the stream from the ladle a 
little burning gas, presumably CO plays over its ex- 
posed surface. 

3. Gases which occupy gas holes and pipe cavi- 
ties. From the character and location of the different 
kinds of gas holes which occur in steel ingots, it is 
evident that they are caused by different gases or 
mixtures of gases. Those common to ingots may be 
divided into three varieties, according to their situa- 
tion in the ingot, which we will call skin, intermediate 
and central holes. other kinds peculiar to castings 
will also be considered later. Good effervescing steel 
contains intermediate and central holes, but steel 
which effervesces too little or too gently may have 
skin holes as well as the other two. Partly killed 
steel, if it rises, may have any or all of them. If it 
stands it is likely to have only skin holes and central 
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holes. Well-made solution steel should of course 
settle perfectly and have no gas holes whatever. 
The gases which occupy these different kinds of 


gas holes have never been separately analyzed, but 


there is much reason for believing that the skin holes 
are caused and occupied chiefly by hydrogen, the in- 
termediate by carbonic oxide, (CO), and the central 
by nitrogen and ammonia (NH3) with perhaps some 
admixture of CO. 

The first variety, skin holes (also called subcu- 
taneous holes), always constitute defects in steel when 
they occur, when they are close to the outer surface 
of the ingot as they usually are, they are liable to 
become coated inside with oxide of iron during the 
ingot heating operation, the oxide remains imbedded 
in the steel during forging or rolling and constitutes 
“seams” in a bloom or bar or “pits” in a plate. Nu- 
merically they may vary from a few near the bottom 
of a low carbon ingot or the top of a higher ingot, 
(with, say, over 0.5 per cent carbon) to a profession 
which covers the whole ingot on every side as closely 
together as the cells of bees honeycomb. They are 
elongated with axes normal to the mold wall, vary in 
length from about %-inch to 2 inches, and in diameter 
from 1/16 to %-inch. Ingots which cuutzin them 
close to the surface are called in the skop “thin- 
skinned”, as the skin is usually -urned through ia the 
heating furnace. In pronounced cases the surface of 
the hot-worked bar or plate is simply an aggregation 
of defects and the piece wholly unsalable sv ihat it 
must be scrapped. 

These skin holes by displacing metai cause the 
steel to rise in the molds, sometimes. for several 
minutes after teeming has been finished, their total 
volume being anything up to 12 per cent 2f that of the 
ingot, and the rising is an indication of their presence. 
The top of the cold ingot will therefore show by the 
successive layers formed as the rising steel has vver- 
flown and frozen, when they are plentiful, though 
mild cases may not be so recognized. As stated the-e 
is ground for believing the gas in these holes to be 
chiefly hydrogen. 

The gas is liberated from the freezing metal sume- 
times with force enough, when the mold is closed at 
the top to raise the mold and ingot, bodily. which 
might require a pressure on the ingot bottom of at 
least 50 pounds per square inch. In extreme cases 
the mold cover has been burst off with almost explo- 
sive force, or jets of liquid steel squirted out to the 
danger of those near. This should not happen. 

(Continued in ‘March issue) 


AN INFORMATIONAL SERVICE CONCERNED 
WITH METALS AND ALLOYS. 


An Alloys Research Association is being formed with 
an Alloys Informational Service as the first step. This 
is to be cooperative on the part of those interested in 
metals and their alloys. An advisory committee, com- 
posed of 17 prominent technical men, was formed some 
time ago and this committee has evolved a plant, in con- 
ference with the Institute of Metals Division of the 
American Institute of Mining and Metallurgical Engi- 
neers, whereby a service of a different scope from any 
now existing can be carried on for the benefit of the 
alloy men. It has been felt that it is time to broaden the 
sources of knowledge and to have a cooperative service 
that will critically and analytically digest the great mass 
of data that has been accumulated, but is now largely 
inaccessible. 
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Heating Furnaces and Annealing Furnaces 


Results of Recent Investigations on the Thermal Capacities of 
Various Metals—Temperature Distribution in the Interior of 
Heated Steel Bodies. 


By W. TRINKS. 
PART XXVI. 


naces and annealing furnaces, it will be neces- 

sary, first, to fill in some gaps left by previous 

articles, and second, to give a critical comparison of 
the different types of furnaces. 

In part one, the heat content of a pound of pure 

iron was given as a function of the temperature. In 

the meantime, the Society of German Engineers has 


te complete this series of essays on heating fur- 


to any great extent with the carbon content or with 
alloying elements, such as nickel, chromium, etc. 

In using the values of Fig. 198 for estimating the 
capacity of a furnace for heating different metals, it 
should be remembered that the conductivity of the 
different metals must also be considered. 

The effect of conductivity on the time required to 
heat a piece of metal more or less uniformly will 
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Fg. 198—Heat content of pure metal. 


published work on the thermal capacities of the most 
important metals.* Fig. 198 shows the result of this 
research work. Unfortunately, no tests are available 
which show whether the heat content of steel varies 


*Forschungs-arbeiten auf dem Gebiete des Ingenieur- 
wesens, Heft 204; Die Temperatur-Warmeinhaltskurven der 
technisch wichtigen Metalle, by F. Wust. Heat content is 
also shown therein for chromium, molybdenum, tungsten, 
platinum, bismuth, cadmium, antimony, silver, gold, mangan- 
ese, nickel and cobalt. 
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readily be recognized from the following study. Ifa 
piece of cold steel is put into a hot furnace, the furnace 
temperature drops, and the surface temperature of the 
steel rises rapidly, with the temperature of the center 
of the steel lagging behind. A strictly accurate mathe- 
matical investigation by analytical methods of. the 
temperature distribution in the steel is impossible, at 
least with the present-day status of mathematics. On 
the other hand, the subject of temperature distribution 
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in the interior of steel which is being heated is of 
sufficient. practical importance to warrant an investi- 
gation. As a sufficiently close approximation, the 
curves of Figs. 199, 200 and 201, are offered. They 
were obtained by a point-by-point integration. The 
curves of Fig. 199 represent the surface temperature 
of a long steel bar of 1l-inch diameter, which 1s sud- 
denly thrust into a furnace, the wall temperature of 
which is equal to and held at the value marked on any 
of the curves shown in the chart. For instance, a 
surface temperature of 1100 degrees F. is reached in 
14 minutes, if the furnace temperature is 1200 degrees 
F., it is reached in one minute and 20 seconds if the 
furnace temperature is 3,000 degrees F. If a bar 2 
inches in diameter is put into the furnace, the time 
which is required to reach a given surface temperature 
will be approximately twice as long. as that which 1s 
required for a l-inch bar. As before mentioned, the 
temperature of the center of the bar lags behind the 
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surface temperature, and the amount of the lag is 
shown by Fig. 200. If, for instance, a 1l-inch bar is 
put into a 3,000 degrees F. furnace, its surface will 
have reached a temperature of 700 degrees F. after %4 
of a minute, with a temperature difference of 63 de- 
grees F. between surface and center. 

The curves are of great practical importance. If 
bars are to be heated to 2,000 degrees F. for an opera- 
tion which requires greatest uniformity, say for in- 
stance, not more than 10 degrees F. difference between 
center and outside, then a "2,250 degrees furnace will 
do and the heating time will be a little over six 
minutes. If, on the other hand, a temperature differ- 
ence of 30 to 40 degrees F. is permissible, then a 3,000 
degrees F. furnace may be used and the heating time 
may be cut down to three minutes. It goes without 
saying that, in the latter case, the steel must be re- 
moved quite promptly from the furnace, if overheating 
or even melting is to be avoided. 

The use of the curves presupposes that the furnace 
temperature is not appreciably pulled down by the 
charging of cold steel. Chilling action is reduced by 
making the interior brick surface of the furnace large 
compared to the surface of the steel being heated, or 
else by ae the furnace with a white hot, incandes- 
cent flame. The latter has the advantage that, in case 
of interruption of operation, the steel can be protected 
from overheating by shutting off the flame, whereas, 
in the case of heat transmission from large, white-hot 
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brick surfaces, interruption of heat flow is not pos- 
sible, except by removal of the steel from the furnace. 
The final outcome of this condition is that the ex- 
cess of furnace temperature which can be continuously 
maintained above the final steel temperature depends 
to a large extent upon the ratio 
surface of furnace interior (brick) 


surface of steel being heated 


Tentative curves for that relation are given in Fig. 
201. The curves show that steel cannot be heated to 
2,200 degrees F. continuously in a 3,000 degrees F. 
furnace, unless the ratio of brick surface to steel sur- 
face is 8 to 1 with a non-luminous flame, or 5 to 1 with 
a highly luminous flame. The curves as before stated, 
are tentative. They were based upon theoretical cal- 
culations and were checked by a few practical obser- 
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Fig. 200. 


vations. They may be modified by additional appli- 
cation and checking. It has been repeatedly stated 
in this series that, everything else, including ratio of 
brick surface to steel surface remaining equal, the 
heating time of a bar is directly proportional to its 
diameter. To this statement may now be added 
another one, namely that, while the bar is being heated 
up in a furnace of a given temperature, the tempera- 
ture difference between center and surface of bar is 
approximately proportional to the diameter of the bar, 
for any one surface temperature. Let, for instance, a 
l-inch diameter bar be heated in a 3,000 degrees F. 
furnace; then the center will have a temperature of 
1,520 degrees F. when the surface has reached 1,620 
degrees F., the temperature difference being read from 
Fig. 200 as 100 degrees F. In a 4-inch bar diameter, 
this temperature difference would be 400 degrees F., 
and in a 16-inch diameter ingot, it would be approxi- 
mately 1,600 degrees F. In other words, while the 
surface has reached a temperature of 1,620 degrees F., 
the center is just beginning to warm up the least bit. 
And if the ingot were big enough, the outside might 
be melting before the temperature of the center had 
risen appreciably. These latter cases are, of course, 
entirely hypothetical, because no sane furnace man 
will subject large masses of steel to such temperature 
differences, except for the purpose of remelting the 
steel in the open hearth furnace, but the figures serve 
quite well for illustration of the principle. It is evi- 
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dent that in heating copper or aluminum, we cannot 
encounter such large temperature differences, first, be- 
cause the thermal conductivity is higher, and second, 
because there are no recalescence points. These facts 
are illustrated by the thumb rule that, in a given fur- 
nace, we can heat 214 times as much weight in copper 
billets as we can heat steel billets in a given time. 


From the foregoing figures it follows that it is 
quite possible, in a sufficiently large furnace, to heat 
steel bars which are placed some distance apart, at 
the rate of three minutes per inch diameter. In prac- 
tice this rate is not reached, because it is preferred to 
put more bars into the furnace and to heat each of 
them more slowly. By this method the total quantity 
of steel heated in unit time remains the same, while 
the heating time of each bar is increased to 8 or 10 
minutes per inch diameter. In the heating of large 
ingots, the heating time varies from 18 to 35 minutes 
per inch diameter for well known reasons, see part II. 


The curves of Figs. 199, 200 and 201 hold for round 
bars which are exposed to the heat all around. Cor- 
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responding curves may be derived for all other shapes, 
such as spheres, plates heated from the top only or 
heated top and bottom, etc. While this work is not 
overly difficult, it 1s most certainly tedious and time 
consuming. Until some one is too willing to pay for 
a more thorough investigation, the following approxi- 
mation may be useful. Referring to Fig. 199, it can 
be stated that a sphere will reach a given surface tem- 
perature in about two-thirds of the time which is re- 
quired to bring a cylinder to the same surface tem- 
perature. It may also be stated that a plate heated 
from both sides takes twice, and a plate heated from 
one side only takes 31%4 to 4 times as long as a round 
bar of the same thickness, to reach a given surface 
temperature, with a given, constant furnace tempera- 
ture. 


For finding the temperature difference between top 
and bottom of plate, the following reasoning may be 
used. A l-inch plate heated from one side only cor- 
responds to a 13% to 2-inch plate heated from both 
sides. Also, for a given furnace temperature and lumi- 
nosity of flame (that is, for heating times as given 
above) temperature difference between surface and 
center 1s the same for a sphere, a cylinder or a flat 
plate heated on both sides, if they all have the thick- 
ness, A flat plate heated on one side only will have 
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about 1.8 times the temperature difference of a plate 
heated on both sides. Attention is again called to the 
statement previously made, that these values are 
averages and approximations only. 

._ The last chapter, which is now to follow, consists 
in a critical comparison of various types of furnaces. 
The answer to the question ‘Which is the best type 
of furnace?” can easily be given in general terms, 
such as: “That furnace-type which will give the most 
uniformly heated produce for the least money, in the 
long run”. But the answer is much more difficult in 
a specific case, unless all of the surrounding details 
are known. The latter include quantity and shape of 
material to be heated, temperature conditions (degree 
and uniformity), fuels available, heating program 
(continuous or intermittent), materials handling facil- 
ities, relative cost of fuel and labor, and available 
space. 


As an illustration of these statements we may use 
the fact that it is impossible to compare a furnace for 
heating heavy forgings to a furnace for annealing 
small steel balls. 


Since comparison of furnaces for all possible uses 
is impossible, it is advisable to pick out a few repre- 
sentative groups of furnaces and to compare furnaces 
with each group. Applying the same general prin- 
ciples, the comparison of other groups will then be a 
comparatively easy matter. 

As a first group, we may select the types of fur- 
naces which are used for heating heavy forging ingots. 
This comparison will be given in the next installment. 


INTERESTING ENGLISH COMMENT ON 
WELDING. 


Recent favorable comment on welding by the Engineer, 
England’s ultra-conservative engineering journal, are of 
special interest to American manufacturers at this time, 
when there is so marked a tendency in this country to 
adopt this process of jointing structures. The oxy- 
acetylene industry 1s much older in Great Britain than 
here, and it is reassuring to observe that welding applica- 
tions in England coincides with advanced American prac- 
tice. 


“There can be no doubt about the attractiveness of 
welding as a means of making joints in most metal struc- 
tures,” says the Engineer. “Its advantages are so obvious 
and appear to be so great. First and foremost is the ad- 
vantage of cheapness and convenience. Welding can be 
carried out not only with much less labor, but with much 
greater speed and convenience than by the old method of 
making joints. By comparison, riveting, involving as it 
does, the drilling or punching of holes in accurately deter- 
mined positions, followed by the insertion of the rivets 


_themselves, is a clumsy and costly operation. From the 


point of view of the strength of the resulting joint, also, 
riveting is far from satisfactory. Only by great care in 
design and construction can a strength approaching as 
much as 70 per cent of the original bar be obtained, and 
in most jionts the strength is very much less. Further, 
there are many cases where broken parts can be rejoined 
by welding, while riveting is out of the question and 
other methods are impracticable. It is small wonder, 
then, that this method of jointing structures by auto- 
genous fusion is finding ever wider and wider applica- 
tion. 
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Fuels—Their Utilization and Conservation 


Better Fuel Conditions and Particularly Conservation Could Be 
Brought About by Educating Those Directly Responsible for the 
Consumption of Fuels. 

By CHAS. LONGENECKER. 


APOLEON once remarked, “God is on the side 
N of the heaviest artillery”. This expression in 

modern times might properly be paraphrased, 
“God is on the side of the greatest fuel resources”. 
Had Napoleon made war in 1918 instead of in 1815, 
he probably would have given preference to fuel in- 
stead of artillery. Furthermore there can be no ex- 
tensive artillery equipment unless there is the fuel 
necessary for forging the guns and auxiliaries. In 
modern warfare there must not only be a plentiful 
supply of fuel, but it must be of the right kind. The 
Navy of today burns oil; the airplanes gasoline; while 
the implements of war are mostly formed by power 
derived from coal burned under boilers. Never before 
was fire employed in battle, as a means of offense or 
defense, and on such an extensive scale, as was the 
case in 1914 to 1918. Without ample fuel supplies it 
is most apparent that war cannot be waged success- 
fully, and this holds true as regards commercial su- 
premacy. 


England appreciated the truth of this statement, 
for we find in “Chemical Technology” (Groves & 
Thorpe) this expression made in 18/79, “The wealth 
of this country (England) derived as it is chiefly from 
her success in manufacturers, depends in a great 
measure on the abundant supply of one of the richest 
sources of artificial heat lying buried in the earth, in 
her coal fields. Great Britain had small influence in 
the councils of Europe until these were discovered and 
turned to full account by the indomitable industry and 
enterprise of her inhabitants, and without so invaln- 
able an accessory to the acquirement of wealth and 
power, her commercial fate and fame might soon have 
sunk to the level with those of the self insignificant 
State in Europe”. The same is equally pertinent to 
the United States, for no one can deny that the pres- 
tige which we enjoy is mainly attributable to our 
enormous fuel supply. How long we can maintain 
our present standing as a commercial leader will be 
detremined by the duration of our coal and oil fields. 


While these resources have been a wonderful bles- 
sing, viewed from another angle they have been a 
detriment to research work. They have taken awav 
the incentive for scientific investigation due to their 
abundance and naturally low cost. Of all the advances 
made in fuel and heat utilization, only one invention 
is credited to America, and that is the method of pro- 
ducing water gas, which was brought out by Lowe 
in 1874. Germany and England have been the leaders 
in the production of improved means of saving fuel, 
but this country is at last awakening to the situation. 
The cheapness of fuel in the United States in past 
years is best appreciated by recalling that in 1898 a 
ton of anthracite coal cost $1.41 and a ton of bitumi- 
nous coal cost only $.89 at the mines. Natural gas 
could be purchased for 13 cents a 1,000 cubic feet and 
fuel oil at 214 cents a gallon. With such prices pre- 
vailing there surely was little need of conserving fuc! 
if viewed strictly from a commercial standpoint. Any 
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plan of conservation which is based on utilitarianism 
alone will never get very far. Not until a direct appeal 
is made to the cost sheet will any notable advance be 
made. The underlying law of “supply and demand” 
cannot be ignored and will absolutely control conser- 
vation. Whatever improved methods or processes for 
saving fuel are presented must show economies to 
justify the installation of the equipment necessary to 
carry out the process. With high fuel and labor cost 
there is an incentive to install equipment which does 
not obtain when such costs are low. 

Many commendable suggestions looking to fuel 
conservation have been offered, but in most cases it 
will be many years before such suggestions can be 
practiced in a degree which will bring relief. 

The electrification of the railroads is undoubtedly 
desirable, but this is out of the question at this time 
when the railroads are struggling to remain solvent. 


, Likewise the harnessing of our unemployed water 
power is of unquestionable value, but until financiers 
can see sure dividends from such undertakings it will 
be given little consideration. Again as fuel costs in- 
crease such projects will receive a greater impulse. 
but in any case the law of “supply and demand” re- 
mains absolute. In an investigation conducted by the 
Canadian Commission of Conservation for the Bank- 
ers Trust Company of New York, it is secorded that 
the United States has 30,000,000 hp derived from water 
power. Canada has 19,000,000. Per capita, Norway 
has .54 hp, Canada .26 and the United States .07. 


Again it has been stated that our mining opera- 
tions have been conducted along most uneconomical 
lines and should be changed in the interest of conser- 
vation. This accusation is based on fact and it would 
certainly be to the interest of the people if a decided 
change could be made. The mine operator would un- 
doubtedly be glad to act on this suggestion if prac- 
ticable, but he is governed by economic considerations 
and would soon be a bankrupt if he tried to follow 
these ideas. The consumer today specifies what grade 
of coal he desires. He places a top limit on the ash 
content and a bottom limit on the Btu content. This 
was not true during the war and for awhile thereafter, 
when any grade was gladly accepted, but now that 
those strenuous times are passes, the consumer can 
dictate. If one operator cannot meet the specifications 
another will, and the first operator will suffer a loss. 
Faced with these conditions it is impracticable to ex- 
pect that low grade coal and coal hard to mine will 
be brought to the surface until there is a demand for 
it, and until it will pay to do so. 


Many other ideas looking to conservation have 
been promulgated but these also will require years 
to put into effect. They all have features of merit 
and should be applied as soon as conditions warrant. 
We should put into use the machinery and equipment 
at hand and the larger and more pretentious schemes 
will come in their season. The law of “supply and 
demand” is at the root of all changes, and like the 
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mills of the Gods they at times “grind slowly”. 

It is also only too apparent that the people must 
be awakened from the lethargy into which they have 
fallen. It takes an immense amount of propoganda 
to do this. It is well illustrated in the case of the 
failing natural gas supply in the city of Pittsburgh. 
The companies supplying gas have repeatedly im- 
pressed upon the people the fact that they must place 
less dependence on gas, but these warnings have ap- 
parently been little heeded. Recently the selling com- 
panies set aside a week during which gas conservation 
was urged. It is rather out of the usual to see the 
seller asking the buyer to buy less of his wares and 
it is also unusual to find the buyer in many cases re- 
fusing to do so. 


It may then rightly be asked what can we do at 
present to bring about better conditions along the lines 
desired? The following suggestions are offered for 
consideration : 

First—Educate those who are directly and indi- 
rectly responsible for the consumption of our fuels 
along lines of more efficient utilization. In Bulletin 
No. 3, issued by the Wickes Boiler Company, is this 
statement, “Over one quarter of the yearly coal bill 
depends directly on the skill of the fireman”. Such 
being the case and with the knowledge that firemen 
are in most cases unskilled the loss can be appreciated. 
The fireman instead of being regarded more as a 
laborer should be elevated to the rank of skilled work- 
man and paid according to the skill attained. He 
should be instructed and encouraged and given some 
incentive to advance. The incentive that makes the 
greatest appeal is a bonus in the pay envelope, which 
could be rated according to the saving in fuel effected. 

Second—FEquip our boiler houses with instruments 
whereby the attendants may know at all times just 
what conditions exist in the furnaces. These in- 
struments would pay for themselves in a short time. 
Where recording instruments are used the superin- 
tendent knows absolutely, if he has the correct instru- 
ments, how his fuel is being burned and can correct 
any laxness in his organization. | 

Third—Eliminate as far as possible all “hand fir- 
ing’ of furnaces and substitute mechanical means. 
This will apply both to boiler furnaces and to metal- 
lurgical furnaces. The equipment necessary to re- 
place “hand firing” need not be elaborate and in many 
cases the equipment which serves one class of furnaces 
_can serve another. 

Fourth—See that the furnaces in which the fuel is 
being burned are of the correct design. There has 
been a marked advance towards increased furnace eff- 
ciency, and furnaces which were formerly satisfactory 
have been replaced by many superior types. 

One of the controlling factors in any system of 
better fuel utilization is what may be termed “location. 
That is the location of the plant in which are the fur- 
naces in question. This is well illustrated in a plant 
recently visited. Here the mine from which the com- 
pany secured its coal was within 100 feet of the plant 
and the total cost of coal delivered at the furnace was 
$2.55. With such low priced fuel there was no want 
for fuel saving devices nor was the efficiency of the 
furnaces of great import. The conditions which ob- 
tain in this plant are entirely different from those in 
a plant, say in Boston, where the fuel cost may be 
five times as great. Again the Boston plant may be 
able to secure Texas or Mexican oil at a more favor- 
able price than coal which adds another variable. In 
any consideration of fuel “location” is a determining 
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factor in many ways. The “zoning” system inaug- 
urated during the war took cognizance of this fact, 
and coal shipments were regulated in accordance with 
the location of the mine and the point to which the 
coal was shipped. More attention should be paid to 
the development of methods whereby fuels such as 
lignite and peat could be successfully burned on an 
extensive scale. This would be of great value to 
plants whose location is near these fields. In certain 
districts there are immense beds of peat and lignite, 
but the factories and steam plants in these districts 
do not burn these fuels. Instead they import bitumi- 
nous coal or oil which must be hauled long distances. 


‘In Minnesota a company has been formed to burn the 


peat, which is found in great quantities in that state. 
A plant has been placed in operation in Minneapolis 
for the preparation of the peat, which will be burned 
in the powdered form. 


Many engineers have advocated, gasifying coal in 
by-product ovens or by “low temperature” carboni- 
zation. Here of course the by-products are recovered 
and the coal nets a greater return both in heat value 
and in money return, but this must be practiced on 
a large scale to be commercially successful. The in1- 
tial outlay is great, but where it is feasible, there is 
no question of the conservation effected. Local con- 
ditions determine the success of such a project. There 
must be a ready market for the gas, coke and by-pro- 
ducts and not too keen competition from electrciity. 

What has been said so far has been mostly in re- 
lation to coal. The fuel oil situaton has been one of 
a varying supply and a consequent varying price. 
There has been over production at times when the 
price per gallon has fallen to an extremely low figure, 
and at other times there has been an insufficient sup- 
ply and the price high. Oil is the most popular fuel 
on account of the ease of control in burning and its 
cleanliness. Hence it has been used in preference to 
coal in many places where coal could have been 
burned as cheaply. The greatest waste of oil is in the 
fields where it is produced. Before sold as a fuel for 
furnaces the lighter oils should be removed and the 
residue only disposed of. More stringent laws would 
curb the greed of promoters and prevent the waste 
experienced at the present time. 

One other feature should be mentioned in consider- 
ing any question with regard to conserving our fuels 
and that is the quantity we export. To show the in- 
fluence this exerts on certain localities one example 
copied from the “Gas Age” of August 10, 1920, will 
suffice. In a pamphlet presented to the governors of 
six New England states and bearing the title “Present 
Fuel Crisis in New England” it is stated that a cer- 
tain gas company was compelled to pay $17 a ton for 
coal and thus the price of gas was increased .93 cents. 
“The report urges immediate action to prevent a 
shortage and blames much of the situation, on the 
eastern coast, upon excessive exports.” The question 
thus presented is what effect exports will have on the 
home market. Excessive exports of coal or oil will 
naturally decrease the supply and increase prices. 
How far will the amount of coal exported counter- 
balance what conservation we may practice at home? 
The bituminous coal mined in the United States in 
1920 was 556.563,.000 tons. The quantity exported by 
vessel was 21,778,000 tons and by rail and vessel to 
Canada 5,931,418 tons, or a total of 27,709,418 tons. 
Thus it is seen that in 1920 we exported 5 per cent of 
the coal produced. The oil production was approxi- 


mately 450,000,000 barrels, of 42 gallons each. The 
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imports will run about 105,000,000 barrels, while the 
exports will be approximately 8,000,000 barrels, leav- 
ing a balance of 97,000,000 barrels credited to imports, 
practically all from Mexico. 

A factor of growing importance and one which 
will eventually be a source of a very considerable oil 
supply are the shales of the western states. It is esti- 
mated that in Colorado alone it will be possible to 
secure 25,000,000,000 barrels of oil from these shales. 
This field has as yet to be developed, and the yield is 
problematical, and while there are great possibilities, 
it should not blind us to the need of conservation at 
present. 


Whatever the fuel it must be first brought to the - 


point of consumption and there utilized so that its 
history falls into two subdivisions. One is under the 
control of the mining engineer while the other is un- 
der the control of the engineer at the plant. The lat- 
ter supervises its disposition when it is received. In 
transporting the fuel others have a work to perform, 
so that all must work together to secure the most 
beneficial results. If the fuel is for domestic use the 
public is most intimately concerned, so that whatever 
use it is put to there should be close cooperation. 
Where so many are concerned cooperation is abso- 
lutely vital if any great advance is to be made. 


As it has been so aptly remarked “the way to re- 
sume is to resume” and likewise the way to conserve 
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is to conserve. Therefore apply at this time the tools 
we have at hand and do all in our power to forge other 
tools of a more powerful nature as soon as conditions 
are favorable. 


The industrial steam trade is the one greatest con- 
sumer of fuel followed closely by the railroads. With 
this in mind and appreciating that in promoting the 
conservation movement it must be done on a practical 
basis, the following from “Steam Power Plant Engi- 
neering”, by G. F. Gebhardt, is of interest: 


“The most efficient plant, thermally, in the con- 
version of energy from one form to another, is not 
necessarily the most economical commercially, since 
various items involved in effecting this conversion 
may more than offset the gain over a less efficient 
plant. There is no question as to the low operating 
cost of power generated by hydro-electric plants, but 
when the cost of transmission and the overhead 
charges are taken into consideration, the economy 1s 
not so evident, and may be completely neutralized. 
From a purely thermal standpoint the Diesel engine 
electric plant is superior to the best -steam electric 
plant for power purposes, but the fuel item is only 
one of the many involved in the total cost. It is the 
commercial efhciency which enables the steam power 
plant, with its extravagant waste of fuel, to compete 
successfully with the gas producer, internal combus- 
tion engine and hydro-electric plant”. 


Development of the Steel Industry During 
the War in Germany 


A General Review Showing the Various Improvements That Have 
Been Made in the Different Stages of Steel Manufacture in 
Germany During the Past Four Years. 


By HUBERT HERMANNS. 
Special Correspondent, Blast Furnace and Steel Plant. 


PART II. 


useless by-product in former years, has, at the 

present time become a useful fertilizer for the 
soil drained heavily during the last years, on account 
of its contents of phosphoric acid. The quantity of 
slag, obtained by the basic open hearth process, 
amounts to about 25 per cent of the quantity of liquid 
steel made, which is naturally a considerable quantity 
in a modern plant. In a plant of 2000 tons capacity 
in 24 hours it corresponds to about 500 tons of slag. 
This is due to the large quantity of limestone added 
to the bath in the converter, which amounts to be- 
. tween 12 and 14 per cent of the used liquid iron. 


An average analysis of the basic slag is as follows: 


Tics basic open hearth slag, which used to be a 
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Slag of this composition is ground very finely and 
then used as a very active fertilizer on account of its 
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easy assimilation to the soil. The machinery for 
grinding the slag has been improved considerably dur- 
ing the last years by making it automatic as much as 
possible. Besides, the detrimental influence of the 
phosphoric acid and of the dust upon the health of the 
working men has been reduced to a minimum by 
means of different types of dust catchers and other 
contrivances, which prevent, at the same time, a loss 
of the valuable dust. 


One of the main auxiliaries of a German bessemer 
plant is the installation for making dolomite bricks 
for the lining of the converters. Such a plant is of 
utmost importance at the present time and its layout 
and location in regard to the main plant Has a con- 
siderable influence on the efficient working of the 
whole steel plant. In former years any place was 
good enough, any location was suitable and in many 
cases, the machinery and apparatus required for the 
manufacture of the dolomite brick was not even 
brought under one roof, but was scattered around, 
thus necessitating the carrving back and forth of the 
material. Another point, which had seldom been taken 
care of, was the fire protection in the tar refinery. 
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Recently plants for making dolomite stones are 
built with a main view of avoiding unnecessary trans- 
portation and to use,,as far as possible, mechanical 
conveyors for this purpose. An installation of a 
modern dolomite plant is shown in Fig. 8. It is lo- 
cated near the converter building in a separate build- 
ing of about 140 feet length and about 50 feet width. 
The furnace for making the converter bottoms and the 


tar refining are outside of the main building, whereas’ 


the storage tanks for the raw tar and the refined tar 
are underground. The largest part of the building, 
which is spanned by an electrically driven traveling 
crane of 12 gross tons capacity is occupied by the 
machinery for preparing the basic raw material also 
for manufacturing the bricks and bottoms. The tamp- 
ing of the bottoms is still mostly done by means of 
the well known Kersen bottom tamping machine. The 
air pipes in the bottoms are made with steel needles 
attached to a plate. Tamping of a bottom with 205 
wind pipes requires four to five hours. 

In a separate room we find, besides the pumps for 
the brick press, three calcining furnaces and two bell 
grinders for crushing the calcined dolomite. The cal- 
cining furnaces are built like cupolas of about 7% to 
10 feet ID, with the tuyeres about 6 or 6% feet above 
the floor. The coke consumption amounts to about 
20 to 30 per cent of the amount of raw dolomite 
charged. The capacity of every furnace is approxi- 
mately 15 tons of calcined dolomite in 24 hours. 
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The furnaces for burning the converter bottoms 
are built somewhat similar to kilns. They have two 
or three grates for direct firing on each side, allowing 
the simultaneous charging of between four and six 
bottoms in every furnace. The time required is about 
36 hours, to which must be added two days for cooling 
of the finished bottoms. 


If small space only is available it is advisable to 
distribute the machinery for the dolomite plant over 
two floors. This can be done in such a way, that the 
first floor will be reserved for the bottom stamping 
machine and the calcining furnaces, whereas the ap- 
paratus for preparing the basic raw material and the 
brick press can be erected on the second floor. In this 
case the calcined dolomite will be lifted by a conveyor 
on the outside of the building and discharged into the 
grinders which are located on balcony between first 
and-second floor. From the grinders, the ground dolo- 
mite is taken by means of a vertical bucket conveyor 
into bins, from where it drops over shakers into the 
grinding plates of the crushers. 


The transportation of the steel ladles is done, in 
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converter plants, by means of cars, which had formerly 
been driven by steam, but which, since the beginning 
of the century, have been changed to a purely electric 
drive. ‘Lhis causes a very untavorable load on the lift- 
ing motor, because the latter has to lift and to ac- 
ceierate not only the weight of the ladle, but also that 
of the upper part of the car with all the gear trains, 
motors and the heavy balance weight. For this 
reason, the lifting motors get out of order easily, which 
should be avoided under all circumstances. It has 
therefore been found to be of advantage, to restrict 
the electric drive to the traveling, turning and tilting 
motions, whereas the lifting of the ladle in the vertical 
direction is done by means of hydraulic pressure. 


The transportation of electric energy into hydraulic 
energy means, of course, a loss in efficiency, which will 
still be increased by unavoidable leaks in the lines and 
in the stuffing boxes of the operating cylinders. The 
advantage, on the other hand, lies in the fact, that it 
is possible to obtain, by means of hydraulic energy, 
a smooth motion free of stocks. ‘The operating cylin- 
der fits over the central column, which acts as a 
plunger and the diameter of which depends on the 
bending moment caused by the ladle and the counter 
weight as well as on the total weight of the structure 
and in the hydraulic pressure. The water enters the 
upper part of the operating cylinder and with a pres- 
sure of between 575 and 650 pounds per square inch. 
The waste water leaking out through the packing of 
the plunger is collected by a stuffing box at the lower 
end of the cylinder and is returned to the hydraulic 
tank. The working velocities are 41% feet per minute 
for lifting and 20 feet per minute for traveling. 


Basic Open Hearth Plants. 

The great advantage, undoubtedly connected with 
the Siemens-Marten tilting furnace, have increased in 
the last years, chiefly under the influence of the war, 
the installations of furnaces of this type in German 
plants. The advantages of such furnaces are not so 
much due to an improvement in the quality of the 
steel, but to the possibility of increased production. 
Fig. 9 illustrates a section through a plant with a tilt- 
ing furnace of 80 tons capacity. This plant is provided 
with as many labor saving devices as possible and can 
be considered as a model plant. The furnace is located 
in the center of the building, which allows the use of 
the same crane for charging and tapping. 


A few remarkable improvements have been made 
in connection with the operation of the furnaces. It 
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Steel Plant 


is well known that the “boiling period” forms the 
most important part of the melting process in regard 
to chemical reactions. During this period, the carbon 
in the bath is oxidized to carbon monoxide. The 
rising ot carbon monoxide bubbler causes the “boil- 
ing’, through which all parts of the bath becomes de- 
carbonized more or less completely. ‘the complete- 
ness of the reaction depends upon the temperature and 
upon the amount of carbon present. The more favor- 
able the conditions are made for the reaction, the 
smaller a percentage of pig iron, under otherwise 
equal conditions, can be applied with the scrap and 
the shorter will be the time of the heat. 


The oxygen required for the oxidation of the car- 
bon in a standard pig iron scrap charge is furnished 
by the excess air, used for the combustion of the fuel 
gas. The usual arrangement of the parts of an open 
hearth furnace is such, that the air travels through the 
hearth above the gases. Since the boiling period 
starts immediately aiter the melting down of the bath, 
and since the reaction is carried through the quicker, 
the hotter the temperature of the bath, it is evident, 
that a large excess of air is detrimental to an increase 
of the temperature of the bath, because it lowers the 
flame temperature. Conditions, however, can be re- 
versed by means of a new reversing arrangement, 
which permits a changing of the gas and air currents 
during the boiling period in such a way, that the gas 
current flows along the crown of the furnace, whereas 
the air current is directed towards the bath. During 
the rest of the. working period the usual method pre- 
vails. The new reversing valve consists of a bell, 
which revolves with a circular seat on a stationary 
plate, which contains the openings for the chambers 
and the stack. The openings are arranged in such a 
way that the air and gas flues are located opposite to 
each other. This is also the case with the openings 
for the stack connections. 


The fuel conditions in Germany have forced to a 
large degree, the replacement of bituminous coal by 
brown coal, even for gasification. The brown coals, 
containing around 40 to 60 per cent of moisture, are 
briquetted and have a heating value of 8000 to 9000 
btu per pound, against 10,800 to 12,500 btu per pound, 
for bituminous coal. The briquets must be strong 
enough to withstand crushing, in order to insure nor- 
mal gasification in the producer. In order to prevent 
excessive clinkering, brown coal briquets require the 
addition of steam for gasification just as well as ordi- 


iss 


3 SA EN ES rer 7 ———} 
> PSINIZ* NIA NEY ANY, . 
4 ay D 
<a. AN 
‘- Zz 
N 
| OR 
td J) 
= 
JTiGimal TT 
UNIVERSITY OF CHICAGO 


February, 1921 


nary coal. The hydrogen, resulting from the dissocia- 
tion of the steam, has apparently no detrimental in- 
fluence upon the quality of the molten steel. There 
was, however, up to the present, not very much chance 
to make any investigations in connection with this 
question on account of the short time available. 

Very favorable working conditions have been ob- 
tained in Germany in open hearth furnaces by the 
application of a mixture of coke oven gas and blast 
furnace gas and with cold coke oven gas alone. A 
large number of plants have turned, for want of other 
fuels, to the application of cold coke oven gas, chiefly 
in order to make use of the much higher heating value 
of coke oven gas, as compared with that of producer 
gas. 

Coke oven gas, when first applied, was burned 
in furnaces, which were built originally for producer 
gas, but it was soon found that the furnace did not 
give the expected results. Coke oven gas requires, 
for a complete combustion, a long hearth, because the 
velocity, with which it leaves the ports, is high, be- 
sides, the thin stream of gas must be heated to give 
a larger volume in order to insure a complete gas-air 
mixture. Where the hearth is too short and cannot 
be lengthened out on account of local conditions, difh- 
culties will arise, because part of the gas will only 
burn in the down-takes, thus causing overheating of 
the chambers. After the furnace is shut down, the 
checker brick must then be renewed. Careful super- 
vision, however, will reduce those difficulties to a cer- 
tain extent. 


With 100-ton furnaces conditions were more favor- 
able, because the hearth was long enough and the tem- 
perature in the chambers remained normal. No ex- 
cessive repairs were necessary on the crowns of the 
furnace. 

Economical working conditions depend upon the 
heating value of the gas. With gas of 480 to 500 btu 
per cubic foot, the gas consumption amounted to ap- 
proximately 10,600 cubic feet per long ton; the time 
for the heat in a 30-ton furnace was five to six hours 
and in a 100-ton furnace. nine hours. When the heat- 
-ing value of the gas drops to about 450 btu per cubic 
foot, the time for the heat increases considerably. A 
heating value of 425 btu per cubic foot made the work- 
ing with the 30-ton furnace uneconomical. A 100-ton 
furnace can be kept running with such a gas, but only 
with difficulty. It has been tried lately to get around 
these conditions by preheating or enriching the coke 
oven gas, but. so far, results of these tests have not 
been published. 

As far as the practical results of the application of 
coke oven gas are concerned, it has been found, that 
the average life of a furnace was 31%4 months. giving 
350 heats of 30.6 tons each, or a total of 10.725 tons, 
corresponding to four heats in 24 hours. 100-ton fur- 
naces lasted. in an average, for 61%4 months. giving 318 
heats of 97.3 tons each. After this period, furnace and 
air ducts had to be rebuilt. The checker bricks usu- 
ally were renewed also. These furnaces were charged 
with liquid pig iron. 

For metallurgical operation coke oven gas has the 
advantage. that it is moisture free inconnection with 
a low percentage of sulphur. The high percentage of 
hvdrogen favors the creation of a reducing atmosphere 
above the bath. The consumption of manganese 1s, 
as a rule, lower, than when producer gas is used; he- 
sides there is a considerable saving in refractories, 
wages and steam. As coke oven gas burns with a non- 
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luminous flame, the furnace operators have to get used 
to the new fuel. At first, they mostly give the fur- 
naces too much gas, which causes the chambers to 
run hot. But as soon as the melters are familiar with 


_ the non-luminous flame, they prefer the coke oven gas 


to the producer gas. 


In other plants, successful attempts have been 
made to apply a mixed gas, composed of blast furnace 
gas and coke oven gas. In order to obtain a complete 
mixture of the two constituents, special mixing ap- 
paratus were designed. One cubic foot of the mixed 
gas weighs about .06 pounds, and the volume of 1 
pound is about 16 2/3 cubic feet. The heating value 
of 1 cubic foot of the gas is 238 btu, that of 1 pound 
approximately 4000 btu. The gas was preheated to 
2075 degrees F. and it was mostly used for the manu- 
facture of quality steel, i. e., of high carbon steels and 
alloy spinal steels. The procedure is as follows: At 
first melting is done with an oxidizing atmosphere, 
then, the blast furnace gas is throttled and an atmos- 
phere, as poor in oxygen as possible, 1s generated over 
the bath by means of the rich gas. At the same time 
the bath is heated to such a temperature, that a slag 
is formed of such high basicity and chemical activity 
that the phosphorus and the sulphur go into the slag 
and are removed almost to the last particle, where the 
slag is tapped, without decreasing the contents of 
carbon in the bath or without causing the destruction 
of eventual addition of chrome, nickel or tungsten, ete. 

The furnaces in question were tilting furnaces, 33 
feet long inside, tilted electrically. The roofs last for 
an average of 380 heats. A thorough repair of the 
furnace takes about three or four davs. Removal of 
the ports makes all parts easily accessible. After the 
ports have been removed, the hearth is out of a direct 
connection with the chambers, thus enabling a cooling 
of the furnace in a very short time, after the old crown 
is broken down, and rebuilding can be started after 
a lapse of about three hours. The checker bricks last 
for several years, because the mixed gas is very clean. 


In general, it can be said, that the German steel 
plants strive to utilize high grade gases for melting 
purposes, using the low grade gases for auxiliaries. 
Thus some plants use blast furnace gas in their coke 
ovens, using the coke oven gas for melting steel. Pro- 
ducer gas for the coke ovens can also be made from 
the coke breeze applying for this purpose a slagging 
type of producer. A more indirect way is to heat the 
cowpers with gas from slagging type producers, use 
the thus liberated blast furnace gas for the coke ovens 
and melt the steel with the coke oven gas. 


Iron and Steel Foundry. 


During the last vears the German iron and steel 
foundries had to increase production by all available 
means, in order to comply with the large demands of 
the war. There was for this reason, no time left to 
introduce fundamental improvements into the practice. 
The trend of the operation was chiefly directed toward 
the installation of labor saving devices and machinery. 
in order to increase production and reduce wages. 
Besides, during the last vears of the war and after- 
wards, the desire of using scrap in every form became 
more and more evident, and. for many foundries, this 
was simply a qttestion of life or death. Lack of pig 
iron and steel scrap, as well as lack of fuel forced the 
manufacturers to reclaim the iron scrap and to utilize 
the heat of the fuel as much as possible. 

The necessity to save labor and make it free for 
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war service forced, in many plants, the installation of 
extended transporting and conveying appliances. Sand 
was also more and more handled by means of machin- 
ery, but this part of the foundry work had already 
been considerably improved before the war. 


Much trouble was encountered on account of the 
low grade of the foundry coke, caused by an increase 
in its contents of ashes and sulphur. The castings, 
therefore, also contained a high percentage of sulphur, 
which reacted, in some cases, .15 or even .2 per cent. 
This condition was also made possible, becayse, for 
want of pig iron, plenty of low grade scrap had to be 
used. Besides there was no pig with high enough 
percentage of manganese, thus causing an incomplete 
desulphuring of the iron in the cupola. 


Low contents of silicon caused other troubles when 
casting. The castings, in many cases, showed great 
hardness, and an inclination for excessive internal 
stresses. These troubles were only increased by the 
use of the scrap iron. An addition of pig iron high in 
silicon removed the difficulties at least partly. The 
American foundryman can hardly make himself a pic- 
ture of the difficulties, under which the German foun- 
dryman was forced to work. Those foundries, which 
had laboratories of their own, were, of course, not in 
as bad condition as the many small plants, which 
only worked according to old practice. 


A large increase was made in the output of steel 
castings. This increase was mainly accomplished in 
the electric furnaces. The production of high grade 
steel increased from 107,916 tons in 1908 to 349,484 
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tons in 1917. The table below shows the increase in 
output for crucible steel and for electric steel: 


Crucible Electro Steel Total 
Year Tons Percent Tons Percent Tons 
1908 &8,183 $1.9 19,536 18.1 107,916 
1914 95,096 51.6 89 336 48.4 184,432 
1915 100,578 43.3 131,579 56.7 232,157 
1916 110,472 38.2 178,585 61.8 289,057 
1917 129,784 37.2 219,700 62.8 349,484 


This table shows, that the ratio of the production 
of crucible steel and electro steel changed more and 
more in favor of the latter. About one-third of the 
quantities given were made in the induction furnace, 
while the rest was made in the arc furnace. The 
electro furnace proper has not been changed to any 
extent in Germany during the war. Those types of 
direct and indirect arc furnaces and induction furnaces 
were applied, which had already given satisfactory re- 
sults before the war. At that time, there were in Ger- 
many about 20 foundries which had electric melting 
furnaces, at present, this number is doubled. The 
average capacity of the furnaces built during the war. 
is 6.7 tons. 

The output of acid-steel castings was, in 1917, with 
828,837 tons, nearly seven times as large as in 1913. 
and that of basic-steel castings with 626,237 tons. 
about 1.5 times as large as in 1913. The small con- 
verter plants, on the other hand, did not develop in a 
similar scale, mainly for the reason, that they require 
high grade pig iron, which could only be obtained in 
limited quantities. 

(To be concluded) 


Accidents in the By-Product Coke Ovens 


How Safety Work Is Being Carried on in the By-Product Coke 
Oven Industry—Charts Showing Comparison of Accidents as They 
| Occur in the Industry. 


By FRANK H. ROWE, 
Safety Inspector, Portsmouth Solvay Coke Company. 


N the solving of industrial problems of the day it is 
| necessary that all minds intelligently cooperate 

with each other so that the desired end might be 
obtained. The modern executive has but to be shown 
the need of a thing in order to convince him of its 
necessity. This article will endeavor to show the need 
of better accident prevention work on by-product coke 
ovens. 


The Aim of Safety Work. 


The wonderful success of the safety movement is 
due to one thing: It has been demonstrated that the 
right kind of safety work saves human lives and use- 
fulness. Understand the right kind and not the bottle 
fed kind. Not only has it been demonstrated that 
safety saves human lives and usefulness but it actu- 
ally increases production. Educate a man to save 
fingers, arms, limbs and lives and you educate that 
man to save material, time and effort. All safe plants 
are efficient and all efficient organizations are safe for 
the one and only reason that it isn’t efficiency or 
safety when you cut off a man’s arm or leg. 


The Coke Oven Industry. 
We are chiefly concerned in this article about acci- 
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dent prevention work and its results on by-product 
coke ovens. The coke oven industry of this country 
is divided into two sections, namely, the bee-hive coke 
ovens and the by-product coke ovens. Inasmuch as 
we are treating the subject from the by-product stand- 
point a few general facts may not be amiss. The first 
by-product ovens were brought to this country in the 
year 1892 by the Solvay Process Company. They con- 
sisted of a battery of 12 ovens, and are still in use at 
Syracuse, N. Y. From this small beginning the in- 
dustry has grown to the point where it now consists 
of 8,904 ovens, employing at the close of 1919, 15,408 
men. In studying the accompanying charts it might 
be well to remember that the bee-hive ovens employed 
more men up until 1919, than did the by-product 
ovens. 


Like all modern industries the electric motor has 
supplanted the use of man power as far as it is pos- 
sible to do so, and in doing so it has increased the 
accident rate of the industry. 


Fig. 1 graphically illustrates the number of men in- 
jured per 1,000-300 day workers in the by-product 
coke oven industry. Starting in 1915 with 140 em- 
ployes injured for every 1,000-300 day workers the 
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rate rose steadily until the peak came in 1917, with 
300.6 employes injured per 1,000-300 day workers. 
The by-product coke ovens suffered worse from acci- 
dents during the war than the great iron and steel 
industry did. The frequency rate was higher and held 
up longer than in the other important industries. It 
is gratifying however to see the rate decreasing to 
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Fig. 1—Number of the injured per 1,000-300 day workers on 
by-product coke ovens for the years 1915-19. 


the old standard of a pre-war basis. But even the 
rate of 140 employes injured per 1,000-300 day work- 
ers 1s too much for the industry to hold. 


A look at Table 1 will show the results of a com- 
parison between the by-product coke ovens and the 
iron and steel industry. 


Table 1}—Total Accidents per 1,000-300 Day Workers. 
: 1915 1916 1917. = 1918 
By-product coke oven industry. 140 21709 300.6 296.06 
Iron and steel industry......... 124.5 133.2 See 


We have believed the steel mills to be the more 
dangerous places to work and yet the records do not 
prove out that fact. Either the by-product coke oven 
industry is a hazardous industry or there is a lack 
of organization within the industry to adequately take 
care of this phase of the work. Note the ratio of 
three to one during the year of 1917 for the two in- 
dustries. Frankly, from a machine standpoint the by- 
product coke ovens are not to be compared to the 
mills of the iron and steel industry as to accident 
hazards. The only answer is that the safety move- 
ment hasn’t gathered momentum enough to push 
through anything that looks like a real solution of the 
problem. Safety departments are still considered a 
necessary evil to be dealt with, as each individual 
seems fit to deal with them. This condition is being 
rapidly overcome, but we still find traces of the old 
way of doing things. Make up your mind to one 
thing. you are either going to have a safety depart- 
ment that functions or one just because you think it 
is necessary. Makes no difference what kind it is, it 
will not take the men who work for you very long 
to find out what kind of safety you are getting out— 
real safety or sham safety. 

The acme of success in safety is the achieving of 
that for which we strive. The safety movement hav- 
ing been organized to save human life, its success 
must necessarily be based on what it has done along 
these lines. Chart No. 3 illustrates what happened 
during the years 1915-17 in the by-product ovens, as 
compared to the iron and steel industry. 


_ Here again we have the 3 to 1 ratio that we had 
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in the previous sketch. The rate has decreased to 
some extent since then to be sure, but as in the case 
of all accidents the rate is too high for the hazards 
that the industry carries. It only goes to show the 
need of increased efficiency in the application of safety 
education. 


Table 2—Accidents for All Coke Ovens. 1915-19 Five Year 


Period. 
Killed Injuries 

Causes No. % of total No. % of total 
Cars, larries and motors...... 81 24.54 2359 8.19 
Railroad cars and locomotives 60 18.18 1116 3.87 
Coke drawing machines...... 16 4.85 952 ~=3.30 
PIGCIT tity ce cans hie ceeeueex ste 16 4.85 224 78 
Palis.'Of DeFSONS sock tcds soe 40 12.12 3770 13.09 
PASE AUTRE nn iss os ikke ak ae 2 61 3259s 11.31 
Suffocation from gases........ 13 3.94 196 
SUNS vcs dcddad omacsne canes 26 7.88 3830 813.29 
Pallitig: ODjectS: .i.6.33 acsceus.s 6 1.82 508 1.76 
Gas: Explosions: Guss<cadeesds 2 61 144 50 
RIESE CANGES) i ie 3773s 50 dane F988 68 20.60 12556 43.23 

TOA ise sein beet 330 100 28814 100 


The factors that enter into these causes of acci- 
dents are not so much the lack of safe guards, but the 
lack of the use of ordinary precautions in the opera- 
tion of the prime movers in these hazards. It is not 
the lack of safe guards but the lack of safety instruc- 
tion that causes the vast majority of these accidents. 
There are, of course, some causes that can be eradi- 
cated through better guarding. For instance, take the 
cause of “Falls of Persons”; the decreasing of acci- 
dents from this source means that all runways must 
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Fig. 2—Comparison of the number of employes injured per 
1,000-300 day workers for the two industries, by-product 
coke ovens and the iron and steel industry. Ss 


have the proper hand-railing, that all ladders must be 
equipped with non-slipping shoes and that all scaffolds 
must be properly equipped with safety devices. 

The subject of accidents occuring from “railroad 
cars and locomotives” can be taken care of through 


(Continued on page 187) 
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Constructing a Heat Treating Department 


A Brief Outline of a Few of the Important Items That Constitute 
an Efficient Plant for the Heat Treatment of Steel. 


By L. C. DUNN, 
Montgomery Chemical Company, Detroit. 


F ANY kind of a manufacturing plant is to make 
| a profit, the closest attention must be paid to the 
details of its design and construction. Lack of at- 
tention to the apparently trivial details will often cut 
heavily into the contemplated profits. In this article 
we will try to set forth some of the points that should 
be considered in planning and building a heat treat- 
ing department. We will endeavor to study the ques- 
tion thoroughly. This will of course necessitate cov- 
ering many points which are obvious, but which, if 
not considered, may make it necessary at a later date, 
to radically change the installation and add greatly 
to the expense. 


The Montgomery Chemical Works built a com- 
mercial heat treating department in Detroit. Compe- 
tition is very keen in this city because most of the 
automobile manufacturers have very efficient plants of 
of their own. Costs are well known and, on account 
of systems of handling and time study, are extremely 
low. The quality of the work demanded by this 
branch of industry is exceptionally high. It can be 
readily seen that the problem presented to the Mont- 
gomery Chemical Works was to build a plant that 
would be able to turn out quality work in large quan- 
tities in the shortest possible time, and at a price close 
to the customers own figure for doing the same work; 
and at the same time make a profit. This meant con- 
centrated study, and resulted in a plant having sev- 


eral unique and efficient departures from general prac- 
tice. If every plant construction engineer was given 
a similar statement of requirements much could be 
added to the efficiency of his completed plant. 


We do not wish this article to be accepted as a 
description of any one establishment, but in it we 
hope to embody a set of specifications for a good heat 
treating plant, with notes on how to attack the various 
problems, and to outline some of the reasons for do- 
ing or not doing certain things in a particular way. 
When we lack better examples we will refer to plans, 
sketches or photographs from the plant mentioned 
above. 


It might be well to mention, before proceding fur- 
ther, a problem presented to the commercial heat 
treating concern which does not confront the average 
manufacturer; but should, however, have his attention. 
The manufacturer usually has a limited number of 
different parts to treat, and when he builds his de- 
partment, he does it with these in mind. We might 
say he tools up for these particular jobs, selecting his 
furnaces, tanks and all other equipment for them 
alone. Later changes in design, or additions to his 
line of manufacture obsolete his equipment or at least 
require expensive alterations. A commercial plant 
must, and any other plant can be made flexible, fitted 
to handle any class of work, at very little extra initial 
outlay. 
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Fig. 1—Battery of heat treating furnaces. Note tank arrangement and trenches under the furnaces. 
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Another point before we go into details of con- 
struction. Design the plant, building, machinery and 
every thing else on a scale that will take care of re- 
quirements 5 or 10 years in the future, then cut off 
from the finished plan the section of the building not 
required for immediate production needs. Too often 
have we seen one unit after another added to an origi- 
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Fig. 2—Plan of department. 


_ 1. Covered truck drive. 2. Covered loading and unload- 
ing platform. 3. Upstairs toilet. 4. Upstairs shop office and 
pyrometer control. 5. ‘Forging cooling floor. 6. Forging 
loading dock. 7. Tanks. 8. Heat treating furnaces. 9. In- 
spection. 10. Lead pots, cyanide and salts. 11. Carburizing 
. furnaces. 12. Machinery and switchboard. 13. Compound 
storage and packing. 14. Pot cooling floor and dumping pits. 


nal installation that was built without any regard for 
the future. The results are always the same. Furnaces 
must be placed in bad positions and machinery in un- 
desirable locations. More piping and valves are in- 
stalled than are necessary if a definite plan is followed. 
Floors have to be torn up and relaid, and aisles are 
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often blocked. Men are forced to work closer to the 
hot furnaces than necessary and general confusion 
ensues. 


It is advisable to place the electric switch board, 
gauges, pumps, blowers, motors and all other machin- 
ery at one end of the department, allowing sufficient 
room for future expansion ; and if the expansion is seen 
to be in the near future, purchasing all machinery 
large enough to provide for the entire contemplated 
furnace equipment. This plan not only places all the 
units requiring constant attention where they will be 
readily accessible to the man immediately in charge 
of the machinery, but also makes convenient a minute 
daily inspection by the foreman or superintendent, in- 
suring the plant against many needless shutdowns, 
due to lack of proper care. A still more efficient 
grouping of the machinery may be effected in a base- 
ment if it can be constructed under one end of the 
building; and if this can be extended under the entire 
department it will provide room for supplies and allow 


Fig. 3—Temperature control table. Note si board out- 
side of window.. Better view of signal board has been 
inserted in upper lefthand corner of this cut. 


the valuable floor space above to be used exclusively 
for the heat treating operations. We have seen ma- 
chinery scattered all over a department; in pits, hung 
from the roof girders, and in different parts of the 
room. When production increased and the depart- 
ment was enlarged, more machinery was installed and 
more pipe lines connected until it was very confusing 
to trace the water, gas, fuel oil, quenching oil, and 
electric lines, and extremely difficult to know which 
valve or switch to throw in an emergency. Grouping 
the machinery at one end of the plant simplifies this, 
as a minimum amount of piping is required, and but 
few valves needed. When more furnaces are installed, 
plugs are removed from the ends of the existing lines, 
and the pipes lengthened without removing any part 
of the original installation or making any alterations 
in it. At this point we wish to call attention to the 
fact that if tees are used instead of couplings in the 
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pipe lines, also more unions than would ordinarily 
seem reasonable, the additional cost is insignificant 
compared with the time saved in cleaning or repair- 
ing lines, or making some unforseen future addition. 


Some of the units should be installed in duplicate. 
If the department is working on a 24-hour basis, and 
all of the furnaces are full of work, it is very costly 
to have a motor blower, or oil pump refuse to function 
properly. During the war a very large automobile 
factory, working on Liberty motors, ruined in succes- 
sion three Liberty engines installed as temporary sub- 
stitutes for a burned out high speed electric motor, 
before the necessary repairs on the electric motor 
could be completed. A shut down covering this period 
would have been extremely expensive as it would have 
cut off all assembly, testing and shipping for two 
weeks. The price of these motors, the cost of tearing 
them out and replacing them, the expense of the men 
constantly watching the delicate engines, the loss in 
production in the entire department and the wages of 
over 100 men idle, not only while the original motor 
was being removed and replaced, but also while each 
of the three Liberties was being installed and torn 


2. 
a“ 


wy 


ihe) 
3 + ben 


i Am ou pe " ~~ : 
* tout * iF PalSs ‘ 


4 er ‘ ’ r 


Fig. 4—Trench under furnace carrying all pipe lines. Notice 
lines passing through wall to tanks. 


out, would have purchased several new blowers, if 
not duplicate equipment for the entire department. In 
addition to this, quite a bit of work in process in the 
department would not pass inspection, accounted for 
by uneven heats on work that was in the furnaces 
during these frequent enforced breaks in the normal 
working conditions. The cost of duplicate machinery 
is often a very considerable item, but even if it is not 
used this cost can be considered insurance; insurance 
against a costly break in production. 


Another point we must consider is that often dur- 
ing certain periods of the year the production de- 
mands are low, or possibly it is necessary to run only 
a very few parts on a Sunday or a holiday. To meet 
conditions of this kind it is advisable to have a small 
unit, say a large and small furnace and a lead pot, 
connected to a blower and oil pump only large enough 
to serve the necessary burners. This unit need not 
be separate from the rest of the units, but can have 
‘its own separate pipe lines that may be cut in or out 
of the large unit. By turning a few valves the small 
blower and pumps can be cut out, and the. furnaces 
run from the larger machines. 
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After having determined the quantity of work to 
be processed, the size and type of furnaces required, 
the equipment needed to deliver oil, gas, air and water 
to the furnaces and tanks it is time to determine the 
size and shape of the building that will most efficiently 
house the outfit. If other buildings or a peculiarly 
shaped piece of property do not limit the shape and 
size of the building, the width should be determined 
by the way in which the furnaces are to be arranged. 
It has been found, from inspection of many of the 
most modern heat treating departments of the country, 
that a building 60 feet wide fulfills the average re- 
quirements; but furnace arrangement, the size of the 
heating units, and special conditions may make it ad- 
visable to use a much wider building. For general 
automobile manufacture and machine tool work a 60 
foot building seems to work out to the best advantage, 
therefore we will consider a building this width for 
the remainder of the discussion. Needless to say, the 
fewer columns required the better for unobstructed 
work; but a row through the center of the building 
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Fig. 5—Section through trench showing piping to tanks. 


does not present any serious disadvantages, and avoids 
the necessity for expensive heavy roof trusses. 


The material used in constructing the building is 
not of vital importance, but the construction must be 
fireproof, with the possible exception of the roof, 
where necessity may enforce economy. Good venti- 
lation is an absolute necessity, therefore the monitor 
type of building is admirable, as it not only furnishes 
free circulation of air, but also considerable light. Fill 
the side wall with as many Tuscon windows and doors 
as is practical. The openings and the monitor will 
make working conditions satisfactory during the hot 
summer months, and the heat generated by the fur- 
naces will keep the department comfortable in winter. 
The driveway should be at such an elevation level 
that an automobile truck body will be level with the 
floor of the receiving room. If a basement is con- 
structed under the heat treating department consid- 
erable excavating can be avoided and the entire work- 
ing floor built to this level; otherwise an inclined run- 
way can be cut lowering the driveway to one of the 
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doors. Loading to and from trucks on one level elimi- 
nates the needless expensive lifting of tons and tons 
of steel and supplies. 


Having determined the size of the building, we 
now wish to place the equipment, and in doing so we 
must consider some points that will greatly aid to 
the efficiency of the department. We will first try 
to install each unit, with the idea of conserving floor 
space. We do not mean by this that furnaces should 
be placed with only a few inches between them, nor 
that the machinery should be crowded into a limited 
space. It is often desirable to replace a furnace or 
piece of machinery with a better type than is available 
when the department is built, therefore a reasonable 
margin should be allowed around each unit to permit 
a variation in size.and shape of the unit replacing the 
old one. By conserving floor space we mean that by 
properly grouping the various classes of equipment, 
as will be explained later, certain floor areas will be 
reserved for the necessary equipment, and a maximum 
amount of efficient. working space retained for the 
operators, and there will be left a minimum amount 
of waste room, which always acts. as a catch-all for 
dirt and refuse. We must space the furnaces so men 
will not be working on one furnace and have another 
hot one behind them. Certain classes of work must 
be done in one part of the room and other unlike work 
in another. For instance all of the carburizing should 
be done in one group of furnaces, and these should 
be placed, not only near the space reserved for pack- 
ing the boxes, but also near the cooling floor. Some 
units must be reserved for the finishing heats on the 
carburized work and others for the straight heat 
treatment of alloy steels; and a still further division 
should be made for the first, or high heat for quench- 
ing, and the lower heat for drawing. The object of 
these divisions is to facilitate routing the work through 
the department, to have no one class of work cross 
any unlike class, to eliminate unnecessary handling, 
and to insure a rapid movement through the plant. 
If we are to do heat treating work on alloy steels in 
considerable quantities it is advisable to have it un- 
Joaded on a large outside covered storage platform. 
Should this work constitute the largest proportion of 
the tonnage, place the high heat furnaces near the 
door. After quenching remove the steel from the 
tanks and pass it to the low heat drawing furnace, 
also close at hand. then to the cooling floor at the 
same end of the building, either inside or outside. On 
work of this class it is best to have the high and low 
heat furnaces in units of two, located side by side, 
quench from the high heat, remove the work from the 
tank and pass it directly into the low heat furnace. 
This eliminates one handling. | 


The inspection tables should be close to the cool- 
ing floor. After inspection, the parts can be placed 
on racks and the perfect work run out on the opposite 
end of the unloading platform, if space allows, or to 
another platform reserved for finished work alone; 
and the rejects can be returned to the high or low 
heat furnaces as dictated by the inspection readings. 
Tn a like manner the work to be carburized will pass 
directly from the unloading platform to the packing 
tables: to the furnaces; to the cooling platform; then 
to the high and low heat lead pots or finishing heat fur- 
naces, reserved for this work alone; to polishing and 
inspection and then to re-operation, or loading plat- 
form as the case may be. 


If possible to plan it successfully, not only should 
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heat treating and carburizing operations not cross, but 
no one part of these two major divisions of the work 
should be allowed to cross any other part of that same 
operation. 


From the foregoing data we find we have a num- 
ber of things for which we will have to allow certain 
storage space, or furnace capacity. At this point we 
must figure about how much stock is liable to be 
piled on our loading platform ready for operations; 
minimum furnace capacity for the various operations ; 
floor room for work that has passed through one or 
more of the various steps, but is not completed; space 
for drawing heat cooling floors, place for inspection 
benches; space for completed work ready to leave the 


Fig. 6—Quenching oil cooling coil. Additional coils can be 
added when required. 


department and also room for steel that would not 
pass inspection and must be re-processed. 

We have all been in heat treating departments that 
gave us the impression that the equipment was thrown 
into it, and was piped up just where it landed. We 
have seen several such plants where it was thought it 
would be necessary to add more floor space to accomo- 
date increased production, but where after the equip- 
ment was nearly all torn out, rearranged, reinstalled, 
and more added, there was still room for additional 
units. To avoid a condition of this kind is our ob- 
ject; and this object is best attained by first drawing 
a plan of the proposed building, say on a scale of one 
quarter of an inch to the foot. Next cut from card board, 
to exactly the same scale as the floor plan, pieces to rep- 
resent the furnaces and machinery, selected as being 
best adapted to the work to be treated ; and also pieces 
to represent the packing and inspection tables; hand 
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truck platforms for raw, completed and semi-com- 
pleted work, and for work to be re-processed. Also 


cut cardboard pieces to the same scale to represent © 


the number of square feet of floor space required for 
drawing-heat, cooling floors, for carburizing box 
cooling floors, for loading and unloading space, 
for storage of unworked steel, and for storage 
of supplies, such as fire clay, pots, lead, cyanide, 
tools, etc. With these in hand we are ready 
to work out a thousand or more combinations, 
one of which is the best; to develop hundreds of new 
ideas of handling our work; and to forestall many 
mistakes, which if overlooked and built into the plant, 
will prove expensive. We can at the same time, dis- 
cover the best routing for work from receiving to ship- 
ping room and be prepared to establish this route for 
our employes. We are going to be assured of having 
sufficient capacity for every operation, with an allow- 
ance for an overload on each unit. We will have an 
orderly department; and if the mistakes are all made 
on the plan before the actual building is commenced, 
and are corrected, first individually and then in their 
relation to all other points in the finished plan, we 


Fig. 7—Above will be noticed the grouping of the lead, cyna- 
nide, saltpeter, and oil baths. This unit consists of seven 
furnaces and two tanks. All pipe is carried in a small 
trench between the furnaces. 


will eliminate most of the usual changes encountered 
in-any building operation. A change of location of 
one single unit often makes it necessary to alter the 
entire plan, but it is better to make the mistake on 
paper, than in the building. 

Inasmuch as no two plants have the same parts 
to treat, the same steels, the same treatments, or the 
same amount of productin it is impossible to specify 
any exact furnace arrangement. We must therefore 
continue to deal in generalities. If the plant is so 
large that separate floors or separate buildings can 
be used exclusively for each branch of the work, our 
problem is greatly simplified, but this is rarely the 
case. — 

_ By referring to the floor plan, one can see how the 
above points have been worked out. The finished plan 
looks ridiculously simple, and one wonders how there 
could be any other way of laying it out; but another 
problem, to meet other conditions, will present diff- 
culties requiring an equal amount of thought; and 
when that is completed it, too, will look ridiculously 
_ Simple. 


my In the sketch it will be noticed how the furnaces 
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are grouped, not only to insure economy of space, 
efficient handling of the steel, appearance of the de- 
partment, simplified piping, and rotation of operating, 
but also with regard to the comfort of the workmen. 

From this point on our discussion will deal with 
a number of miscellaneous details of construction and 
operating practice. 


Provision for a large supply of oil should be made. 
If the oil is brought in car load lots, a decided saving 
is effected. Storge capacity equal to at least two large 
cars is not any too much, because it often happens 
that a car is delivered, emptied, and another car im- 
mediately ordered. Then along comes an unexpected 
lull in production that does not allow the department 
to use the anticipated amount of fuel. If the second 
car is delivered it may stand on: the siding several 
days before storage capacity is available. The demur- 
age would soon pay for the additional required tank 
capacity. 

The usual practice is to use steel tanks for oil 
storage. The only precaution that must be taken is 
to have them weighted down, so they will not float 
to the surface. An instance of this kind occured re- 
cently, when a firm buried a large tank in sandy soil 
near their plant during the dry months. The tank 
was filled with fuel oil, and remained filled until the 
wet weather came. Then a car of oil on order did not 
arrive promptly. Water had settled in the sandy soil 
surrounding and covering the tank. One morning, 
when the oil had nearly all been pumped out, the tank 
rose to and above the surface of the ground. The 
pipe connections were broken, and it was impossible 
to reset the tank until dry weather came again. Con- 
crete saddles should be built on top of the tanks heavy 
enough to hold them down when they are empty. 

The reinforced concrete tank is rapidly gaining 
favor. It is easy to build a perfect container, and 
for any capacity over 20,000 gallons it is cheaper than 
steel tanks holding the same amount. (An article in 
a future number of this magazine will describe the 
construction of a two compartment concrete tank 
holding 30.000 gallons of fuel oil, and 10,000 gallons 
of quenching oil.) 

A large quenching oil capacity is very important, 
because neither maximum nor uniform physical prop- 
erties can be obtained unless the oil is below a certain 
temperature. The capacity required will be regulated 
by the volume of work to be treated. There are many 
devices for keeping the oil cool, but working on the 
proven theory that a water spray has a very great 
cooling value, we find that a spray playing over a 
bank of 20 foot lengths of 1%4-inch pipe gives very 
good results. Notice in the accompanving illustration 
that additional coils mav be added this side of the 
ones shown and then both banks can be increased to 
any number of coils bv lengthening the upper and 
lower headers to the left. The hot oil is drawn from 
the auenching tanks and forced bv a pump installed 
for this service alone, into the lower header. up through 
the coils, and returns to the large supply tank hv 
gravity. The water becomes warmer as it passes 
down over the hot coils. therefore the warmest water 
comes in contact with the warmest oil pipes at the 
bottom. and at the top the cold spray strikes the cold- 
est one of the progressively cooled pipes. In summer 
10.000 gallons of anenchine oil can be held to a tem- 
perature between 70 and 80 derrees. In winter the 
water sprav is not necessary. The wooden partitions 
shown in the picture are to confine the spray when 
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the wind is blowing. 


If all of the pipes and valves in the department are 
painted different colors to indicate what they are car- 
rying, and if an arrow is painted on each side of the 
valves and elbows, showing the direction of flow, it 
will be much easier to trace the lines, find the right 
valves and make repairs. If one of the lines should 
break, this will often save considerable time in shut- 
ting off the flow; and the danger will be minimized 
if the break should happen to be in a fuel oil line. 


Emergency valves should be placed on the gas, 
fuel oil, and quenching oil lines, at some point outside 
the building, and every employe instructed that in an 
emergency he must close these valves. We have seen 
serious fires prevented and hundreds of gallons of ex- 
pensive quenching oil saved by valves installed in 
_. this manner. A master electric switch controlling 
every piece of equipment in the plant should be in- 
stalled at some convenient point and also used in 
emergencies. 


If a basement is not desired under the entire plant, 
a trench may be used. In the accompanying photo- 
graph it will be noticed that the furnaces are strad- 
dling the trench and that all of the pipe lines are car- 
ried on the side wall in a clean, neat, orderly, and 
accessable manner. In the entire plant no pipes should 
run overhead except the air lines and electric conduit. 
The lines in the trench can not be injured, are easily 
repaired, and in case of a break are not dangerous. 
A gutter along one side wall carries any possible leak- 
age and overflow to a sump connecting with the sewer. 


All of the tanks in front of the furnaces should be 
connected up so that they may be used for either oil 
or for water. It is not good practice to have the lines 
all piped up so that by closing one valve and opening 
another, an immediate change can be made. If it is 
done this way the operator may make the change in 
the inlet but neglect the outlet, and the quenching oil 


The Blast Funace@Steel Plant 157 


might go to the sewer, or waste water drain back to 
the quenching oil tank. It is better to break joints, 
plug the pipes not required and couple up the desired 
lines with pipes previously fitted, and hanging handy 
in the trench near the tanks. 


The arrangement of tanks shown in the photo- 
graph allows each bath to serve two furnaces, per- 
mits more rapid handling than is usually possible, 


uses a minimum amount of floor space, keeps the - - 


center of the room clear and keeps down the cost of 
installation and repairs. 

In planning and maintaining our department the 
comfort of the workmen should be kept constantly in 
mind. There is no sense in having poor working con- 
ditions when a little thought will eliminate most of 
the objectionable features, and we know there is no: 
use inStalling expensive and delicate operating, record- 
ing and testing equipment if we are not able to attract 
and hold the class of labor qualified to use it intelli- 
gently. In spite of every known mechanical check, 
a uncertain human element is still the determining 
actor. 


We do not know of any branch of industry that 
has as many variables as does the heat treatment of 
steel. After every precaution has been takea and 
every other test made, nothing but a breaking test will 
tell us the absolute condition of the finished piece in 
question. This is an impractical impossible test, there- 
fore we must build our plant, install our machinery, © 
select our checking devices, establish our tests and 
build our organization all so efficiently that the vari- 
ables will be, as nearly as possible, a negligable quan- 
tity. A good man can turn out good work with poor 
tools; but when properly equipped he has a much 
better chance of maintaining a high standard. The 
same applies to a heat treating department. Only in 
a well conceived and well conducted department may 
we expect to turn out uniformly high class work and 
maintain a high production schedule. 


The Basic Open ‘Hearth Process 


Various Basic Open Hearth Steel Making Methods in Use—Gen- 
eral Considerations Relative to Steel Quality—Efficiency of This 
Method Ranks It Foremost in Steel Manufacturing. 


By F. L. TOY, - 
Superintendent, Open Hearth Department, Homestead Works 
The Carnegie Steel Company. 
PART II. 


to operate with widely varying percentages of 

pig iron and scrap in the charge, can more readily 
than any other steel making process accommodate itself 
to local conditions without undue increase in costs, 
and for this reason has had more modifications than 
has other processes. 

Allowing for a cropping off from the average ingot 
of 25 to 30 per cent between its initial bulk and final 
form as placed on the market, a final return of nearly 
all steel and iron scrapped in service, deduction of the 
amount used in blast furnace, bessemer and acid open 


TT to basic open hearth process, making it possible 


Note—From a paper presented at the fall meeting of the 
ee Iron and Steel Institute in New York, October 


Google 


hearth, and for a normal increase in demand for steel 
products year by year; then the charge for the basic 
open hearth furnace will tend to approach an average 
of 40 per cent steel scrap and 60 per cent iron. In. 
localities where pig iron is relatively high and scarce, 
the scrap charge may be very high in rare cases nearly 
100 per cent, when coke must be charged to give car- 
bon in melting. This may also be the case where an 
open hearth plant has been built where a bessemer 
plant (a very small user of scrap) already existed, 
which condition may reduce the pig charge as low as 
40 per cent. Other localities may have a relatively 
cheap and plentiful supply of iron. The usual arrange- 
ment in this case is a duplex plant (bessemer and 
rolling furnaces) in combination with stationary open 
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hearth furnaces, and in practically all such cases it 
will be found that the duplex plant has been added 
last to the equipment, as means of best adjusting the 
production otf steel to the available charge. Station- 
ary basic furnaces do not operate to give good practice 
on a charge running higher than 60 per cent pig, be- 
cause of excessive overtlow slags, and comparatively 
high losses. It is therefore deemed economy to use 
. the duplex plant as a balance and since it for the most 
part takes its charge entirely of blown metal and adds, 
through its product, to the supply of steel scrap for the 
stationary furnaces, it helps greatly in giving them a 
satisfactory adjustment of.scrap to pig iron in order 
to operate at best efficiency. 


By far the largest part of the basic open hearth 
tonnage is produced in the stationary furnace and the 
large part of this tonnage is made by a combination 
of the pig and scrap and Monell processes, the charge 
ranging from 53 to 60 per cent pig iron, for the most 
part molten. Limestone, ore and scrap are charged 
in order and after two or three hours, when the molten 
metal is added, a reaction starts and continues with 
oxidation of silicon, manganese, phosphorus, iron and 
to a small extent the carbon, forming a slag high in 
iron oxide and silica and low in lime and magnesia 
and cofitaining a large part of the manganese and 
phosphorus, which is allowed to drain for the most 
part from the furnace. As the heat melts the lime 
forms the usual tapping slag. Such a procedure al- 
though causing a loss of iron and manganese in the 
run-off, nevertheless makes for faster working on high 
pig charges and allows for satisfactory tapping slags 
on lower lime burdens, saving finally the extra iron 
as oxide that a more bulky slag would carry. As con- 
ditions warrant the lowering of the pig percentage be- 
low 50 per cent, then the decreasing ore charge, as 
scrap charge is raised, and the lower initial content 
of silicon, manganese, etc., tends to automatically 
make the operation a pig and scrap process. 


In two cases only is the duplex used because that 
process suits conditions metallurgically better than 
does the pig and scrap process, and produces a pro- 
duct economically that would otherwise be more diffi- 
cult. The first case is due to high chromium pig irons, 
which condition can be better met by first bessemeriz- 
ing and then working through the basic open hearth 
furnace. The second case is of the South, where with 
pig irons running .80 to 1.00 per cent phosphorus, it is 
extremely desirable to desiliconize and decarburize in 
an acid bessemer converter, and on the transfer to a 
basic open hearth furnace of the rolling type with the 
careful exclusion of the converter slag, refine under a 
slag formed from a nucleus of lime and iron oxide so 
as to reduce the phosphorus in the steel and form a 
slag rich in phosphoric acid (well above a minimum 
of 18 per cent phosphoric acid) which can be skimmed 
off for final preparation as fertilizer and a new slag 
made, finally reducing the phosphorus content of the 
steel below .04 per cent allowing the steel to be tapped 
and finished in the ladle by necessary additions; or, 
the metal, with phosphorus reduced to .07 per cent 
and phosphorus in the slag well above the minimum 
required in the use as fertilizer may be transferred to 
another furnace and finished. 


The uses of the duplex process other than the two 
cases cited are primarily for rapid production under 
conditions where pig iron is relatively easy to obtain 
and a balancing of scrap supply as before described 
is necessary. Tilting furnaces, for the 100 per cent 
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blown metal charge, are preferable because of the ease 
in getting rid of the excess slag at time of reduction. 
The charge other than that of starting up may be two- 
thirds to three-fourths blown under ten carbon fol- 
lowed by a high carbon ladle called the “kicker.” This 
is the more common practice. Better practice is the 
use of molten pig iron as the “kicker” because of the 
large amount of manganese introduced. In this re- 
spect, the general absence of manganese in the bath, 
the duplex process is at a disadvantage. Balanced 
against its frequency of tapping (heats range from 
14 to four hours tap to tap) is the additional loss in 
conversion of 3 to 4 per cent. 


The cost of plant complete per ton of ingots will 
be practically that of the cost of stationary furnaces 
per ton. As for the quality of duplex steel as against 
the product of the stationary furnace, it supplies a 
large amount of steel for the trade and for many pur- 
poses satisfactorily. ‘There is ample held for its out- 
put and unfair comparisons with stationary furnace 
products that require considerable extra attention in 
the making are unnecessary. 


Definite results in making high quailty steels can 
be attained a little more often in the acid furnace be- 
cause acid furnace slags adjust themselves more read- 
ily and attain more nearly equilibrium, thus restrain- 
ing the unbalanced activities of iron oxide with respect 
to the bath. The stationary basic open hearth furnace 
on its usual pig and scrap program provides a con- 
siderable margin in this respect over the duplex pro- 
cess, and allows for greater control than 1s possible 
with the violent reactions due to the “kicker” and the 
difficulty in limiting to the right boundary of action, 
the swift, powerful reactions so necessary for speed. 
The lack of manganese in the bath 1s under these cir- 
cumstances a more serious disadvantage, coupled with 
the necessary practice of large additions in the ladle 
and so little time for inclusions in either furnace or 
ladle to rise. If good steel is to be made by the 
duplex process it is necessary to have a sufficient 
amount of manganese in the bath as well as in the 
slag. 

To provide a very flexible system as to expansion 
and contraction output, to retain the advantages of 
rapid decarburization and desiliconization of the bes- 
semer converter and the advantages of balancing up 
of pig and scrap supply, the use of blown metal in a 
stationary furnace with both scrap and molten pig 
iron offers great inducements and in the long run finds 
a broader application than the straight duplex. Con- 
siderable increase in tonnage over the ordinary ore, 
scrap and hot metal charge is possible, and a residual 
manganese of fair amount will be present. The pro- 
duct will be practically equal to that of the usual sta- 
tionary furnace process in quality. | 

The Bertrand-Thiel and Hosch processes, whose 
application are as yet confined to Europe, have been 
considered in this country because of their use of a 
furnace to carry out the roughing stage for elimina- 
tion of silicon.. It has been considered advisable to 
make the “roughing” furnace more nearly a large 
mixer, considerably larger than the finishing furnaces, 
and operating at lower temperature. Silicon in this 
washing furnace would be largely eliminated. Manga- 
nese would be eliminated in rough proportion to the 
silicon, the less eliminated, however, the better. Car- 
bon would be reduced but very little. 


Phosphorus -would be affected to greater or less 
degree depending on the temperature, the amount of 
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oxides charged and lime fed, and on the desire for 
high phosphate slags in the finishing furnace when 
desirable for fertilizer. It has been thought possible by 
these means to avoid the large losses in bessemeriz- 
ing and gain iron from large ore additions in the 
primary furnace or mixer. There is as yet insufficient 
understanding of the best method of working the pro- 
cess or the best field for its use, but it has inherent 
possibilities in promoting a greater output at more 
regular intervals, while turning out a product of good 
quality. 

Little can be said about the compositions of pig 
iron desirable without going extensively into the prac- 
tice and requirements of many plants. Average basic 
requirements call for a silicon averaging 1 per cent, 
phosphorus has as yet not been troublesome, sulphur 
should be preferable under .040 per cent since the open 
hearth process can do so little to reduce its contents 
in the charge except by wasteful expenditure of time 
and wasteful use of manganese. The manganese con- 
tent varies quite widely by reason of certain desired 
benefits in the process. The manganese content and 
the quality of pig iron in general will be further dis- 
cussed in the following paragraph. For duplex plants, 
iron of bessemer quality except as to phosphorus is of 
course necessary, with silicon content ample to insure 
warm bessemer blows and manganese not so high as 
to permit “slopping”. The sulphur content as in case 
of the basic iron must be regulated to the specifica- 
tions of the trade. 


The use of molten metal, dating back nearly to the 
beginning of the process has increased with the de- 
velopment of output until at the present it constitutes 
the greater part of the iron charge. Its use effects 
decided saving in time and fuel. The metal mixer has 
further contributed greatly to the economy of the pro- 
cess by giving a greater regularity to the supply and 
a more nearly constant chemical composition. 

By far the larger part of the pig iron for basic open 
hearth use is graded and accepted on analysis only 
and very little attention is now paid to the physical 
characteristics and condition of the iron, except in the 
case of a few plants where it is bought in pig form 
and graded on both analysis and fracture, following a 
practice that has given good results in quality pro- 
duction. 


High manganese pig iron has found quite exten- 
sive use in the making of steel of required quality in 
the basic open hearth furnace. The general methods 
of procedure are, to make practically all the basic iron 
high in manganese, say 1.50 to 2.00 per cent, or to 
concentrate all attention in this respect on certain of 
the highest quality products with a pig iron from one 
or two blast furnaces running up over 2 per cent, using 
a low manganese basic iron, say .90 to 1.10 per cent, 


for the balance of the product. The general difficulty - 


in the case of spreading the high manganese iron over 
all the product is the large manganese loss in the run- 
off from the average trade heat with high pig per- 
centage. Undoubtedly the greater return is ultimately 
in concentrating the high manganese iron in the higher 
quality heats where the usually lower pig charge 
makes for a higher residual manganese and higher 
manganese content of tapping slag, because of a very 
small or no run-off slag. 3 


There is possibly no element that functions so 
well in both steel and slag as does manganese. In the 
first place it confers fluidity on the slag as well as 
basicity. It tends to prevent the absorption of sulphur 
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by the iron in all stages of the heat and to break Fe S 
when formed. It acts in the latter stages of the heat 
to deoxidize the bath and to lessen the total amount 
of non-metallic inclusions. Very careful study of 
conditions arising in finished steel for varying manga- 
ese content of pig iron used, made at the South Works 
of the Illinois Steel Company, has shown its effect in 
helping to control the intluence of high sulphur fuels 
and its general effect in giving a lower sulphur con- 
tent in the steel together with a better quality. For 
example, the value for sulphur content in the steel 
and for rejection at the rolling mills over a stretch of 
4,336 heats show increasing sulphur content in the 
steel, and increasing rejections on the product of the 
rolling mills as the manganese content of the pig iron 
is reduced. For iron of 1.90 per cent manganese a 
sulphur content of .034 per cent is shown and a figure 
for rejections of 7 per cent, and an increase in sulphur 
content to .04 per cent and a figure for rejections of 
10%4 per cent for iron of 1.15 per cent manganese. 
Manganese in pig iron, through its subsequent pres- 
ence in slag and steel, is admittedly an aid towards the 
correction of bad influence and tendencies in steel 
making and certainly allows us a little more lee-way 
in use of high sulphur and poorly refined, nonuniform 
pig irons. Some claim that it helps towards more 
regular working in the blast furnace. 


We must allow for all the cases where manganese 
comes in to round out processes and add the necessary 
refining action for good product, for all the benefit 
derived in the manufacture of very fine steels, but we 
must certainly count the cost when manganese is used 
in an attempt to correct the evils of bad iron making 
and bad steel making. We must admit first that all 
the effective manganese added in the pig iron is not 
available in slag and steel because of losses in the 
run-off slag of the average heat, unless we slow down 
the production by retaining all products of oxidation 
of silicon, manganese, phosphorus and iron in the fur- 
nace, charging a larger amount of lime, and in the 
long run ending with a slag too large and unwieldy, 
which restrains rather than helps the effect of both 
carbon and manganese. Manganese being an expen- 
sive addition in pig iron, and allowing for the fact 
stated as to amount of manganese in the average heat 
available for the good effect it has, then we must 
make very conscientious efforts to improve the quality 
of the pig iron and eliminate to as great an extent as 
possible, poor quality high sulphur irons, and to make 
every effort count in promoting correct principles and 
methods in our steel making, rather than pay for the 
manganese that must correct deliberate points of 
omission and carelessness, in addition to that amount 
which justifies itself. Manganese ore can be used to 
good effect but not so economically as high manga- 
nese iron. Manganese oxide is more readily reduced 
in the blast furnaces and functions better in the steel 
by working from steel to slag. 


The attempt to work pig iron high in sulphur into 
the charge by use of heavy lime burdens is one that 
is extremely wasteful of time and material as against 
the results obtained. The large amount of lime makes 
for excessive volume of slag, for poor transfer of heat 
to the steel, and this condition is further complicated 
by the viscosity of the slag which tends to hold larger 
amounts of iron oxide in its attempts to attain fluidity 
at the proper temperature for steel making. Manga- 
nese in the pig iron is here an aid through its oxide 
in promoting fluidity but its use is comparatively ex- 
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pensive as against the net results obtained. Sulphur 
is so much more readily and cheaply eliminated under 
the reducing conditions of the blast furnace that the 
attempt in the basic open hearth furnaces occasions 
a net loss. 


High sulphur content in the pig iron is very often 
an indication of bad conditions in the blast furnaces, 
attempts at a reduction of the basicity of the blast fur- 
nace slag, of variations of temperature in controlling 
the silicon content, and we have rather fallen into the 
habit of attributing the sluggish pig iron and the bad 
results obtained in working the subsequent products 
of the open hearth furnace to the sulphur content of 
both pig iron and finished steel. Thoroughly reduced, 
“rich” pig irons are absolutely necessary to good steel 
quality. The use of pig iron from special furnaces, 
where the effort was constantly directed towards an 
output of uniformly good iron, and from which no 
iron made in periods of irregular working, was ac- 
cepted for high quality steels, has been found of great 
benefit in the manufacture of armor steels at the 
Homestead Works. 


Very high quality forging steel has been made at 
the Homestead Works by use of both high and me- 
dium manganese content of the charge and a brief 
discussion follows. No high manganese iron being 
available, the manganese was charged in form of 
spiegel both with the pig iron and in subsequent ad- 
ditions to the bath during the working of the heat, 
the total amount added being equivalent to 5 per cent 
manganese in the iron charged and 2.20 per cent in 
the total charge. The resulting slag averaged 12.8 
per cent Fe. O. (all iron oxide estimated in this form) 
14.5 per cent SiO, and 18. 85 per cent Mn. O. The 
residual manganese at tap was .41 per cent. In the 
regular practice in making this steel the manganese 
content of the pig was 1.25 per cent and the content 
of the total charge .06 per cent. Two additions of 60 
per cent ferro manganese were made during the last 
hour of working the heat, totaling .53 per cent Mn. 
as referred to the total charge. The resulting slags 
averaged 15.85 per cent Fe. O., 19.10 per cent SiO,, 
and 10.97 per cent Mn. O., and the residual manganese 
was .24 per cent. The second or regular procedure 
worked equally as well as that using very high manga- 
nese content in the charge. 

This will introduce the question of the relative 
merits of the procedure where manganese is present 
in pig iron and the heat during melting and working, 
and that where lower residual manganese exists dur- 
ing the working of the heat but with manganese added 
in concentrated form as spiegel or ferro manganese 
in the last stages of the working. The latter proced- 
ure serves to obtain very excellent results in the de- 
oxidation of steel and the elimination of inclusions 
and is more economical in manganese. Both methods 
give excellent results in making high quality steels 
and like many other questions in steel making, many 
careful comparisons must be made before we can gen- 
eralize by saying that one or the other is better. 


The slag, notwithstanding the fact that it is the 
medium, during the major portion of the heat through 
which heat is transmitted to the bath of metal, for the 
completion of the oxidation, and for the larger part 
of the refining action, has had comparatively little 
study in its relation to “every day” production. We 
cannot arrive at “worth while” conclusions in this 
study so long as we compare slag analysis as revealed 
only through the percentage of the various oxides 
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present. There’ is an absolute necessity for the com- 
parison of the weights of the elements as oxidized and 
going into the slag, which means a knowledge of the 
usual relation of the slag weight to charge and of the 
relations of weight of tapping to run-off slag when 
the latter enters into the process. The determination 
of slag weights and the relative weights of the ele- 
ments oxidized and going into the slag need not be 
made nearly so often as the slags are sampled and ana- 
lyzed. The last mentioned work should be done fre- 
quently and the analysis by weights applied at inter- 
vals for check. Only by such painstaking methods 
can we arrive at the best slag volumes necessary for 
the best relations of quality and production, and from 
this we get the necessary lime burden to give the 
necessary basicity relative to the acids present plus 
an excess up to the point where the slag is sufficiently 
fluid and also neutral to the hearth and greater lime 
additions interfere, through promotion of viscosity, 
with the heat transfer through slag to steel and the 
proper functioning of the slag. Viscosity further in- 
troduces the factor of increasing slag volumes, since 
the slag in adjusting itself to a condition of fluidity 
necessary at its temperature, takes up iron as iron 
oxide from the bath or retains iron oxide from oxi- 
dizing additions made to the bath, thus increasing the 
losses, while at the same time introducing again the 
factor of increasing difficulty in transfer from flame 
to steel through the greater slag depth. 

A careful checking of the amount of heat necessary 
to raise the slag to and maintain it at the tapping tem- 
perature, and comparison with the amount of heat 
necessary in the steel for the same purpose, will reveal 
the fact that considerable heat used in excess slag 
volumes could be made available for the production 
of steel. We can therefore have the following factors 
as affecting slag weights and which can reduce the 
amount of heat necessary to raise the slag to the tap- 
ping temperature and keep it sufficiently fluid, thus 
giving a better proportion of heat to the bath of the 
steel. 

(a) The quality of materials charged and particularly 
the pig iron. The good charges necessary in high 
quality production therefore give incidentally a bet- 
ter slag volume for good working. 

(b) Careful consideration of the weight of lime charged. 

(c) Early removal of a portion of the slag in those 
cases where high percentage of iron in the charge 
together with the quality of the iron, make for large 
amounts of the products of oxidation which dilute 
the lime additions and raise the slag volume. 

Manganese must here again be mentioned for its 
effect through its oxide in the slag in promoting flu- 
idity while at the same time increasing the basicity, 
for its effect in reducing the iron oxide content of the 
slag, its tendency as a desulphurizer, and final effect 


in aiding in the removal of nonmetallic inclusions. 


Pouring temperatures have received a great deal 
of discussion during the last three years because of 
the necessity of making very large tonnages of ord- 
nance material and very important uses where light- 
ness was desired with strength. Many definite opin- 
ions were expressed as to the part the temperature of 
steel have in the production of flakes, woody structure 
and oxide inclusions, and where in some cases applied 
in an attempt to generalize statements as to pouring 
temperature in their application to various steel mak- 
ing methods in many plants, without having real quan- 
titative data as to temperature. Long continued ob- 
servation of pouring temperatures on certain classes 
of steel of fairly definite composition and with ingot 
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volume fairly constant, lead on to the belief that ob- 
servations, even with the best methods, are relative 
and must be applied only to the work in hand. An 
indication of the fluidity of the steel as observed from 
the formation of skull in the ladle is probably at pres- 
ent the best indication of the temperature of the steel 
at pouring. 

In one campaign of extremely high pouring tem- 
peratures at the Homestead Works we were struck 
by the greatly increased cutting of the refractories of 
the ladle lining. This raises the point as to whether 
very high temperatures at tapping and pouring as a 
result of an effort to rid the steel of inclusions does 
not make later conditions in pouring which may in- 
troduce a larger quantity of foreign material into the 
steel and with very little time to rise. Steel poured 
at a temperature which makes for a condition very 
slightly above the skulling point has been found very 
good inpractice in making alloy steels. For general 
conditions of steel making, the evidence of a very 
small skull shows best temperature at pouring. 

Much can be said of the methods used at the end 
of the process in making alloy additions, of the desira- 
bility of eliminating as much as possible the “killing” 
of the steel in the moulds and of the merits of bottom 
. pouring against top pouring. In a general discussion 
of the process within the confines of this paper, brief 
comment only can be made and a presentation of the 
various subjects must be left to other papers. 

Nickel additions can be made in the initial charge 


with but slight losses. Chromium, due to its high 
oxidation losses is best added as an alloy of iron and 
chromium in the bath before tapping with sufficient 
time, a maximum of 35 minutes is usual to thoroughly 
melt the alloy and give uniform bath content of 
chromium. The loss of chromium by this addition 
ranges from 20 to 30 per cent, depending on the car- 
bon content of the bath. Managnese additions on 
high quality steels are best made in the bath before 
tapping. Quite usual is a combination of bath and 
ladle additions of manganese, with a growing propor- 
tion of manganese in the bath addition as we approach 
the higher quality of steels. 


_ The loss of manganese in the bath is usually twice 
that in the ladle, The use of crushed ferro manganese 
through a chute promotes efficiency and also uniform- 
ity of content in the steel in the case of ladle additions. 

Molten spiegel additions in the ladle have been 
used largely in making manganese additions on high 
carbon heats, such as rails, and the carbon content of 
the addition naturally restricts the use to such high 
carbon heats. . 


_ Ferro silicon for the silicon addition must be made 

in the ladle because of great losses resulting from oxi- 
dation of bath additions and the danger of rephos- 
phorization of the steel. Introduction of finely ground 
ferro silicon through a chute into the tapping spout 
of the furnace as the steel is running out gives very 
good results in obtaining uniformity of silicon con- 
tent and reduces the loss of silicon as low as 20 per 
cent. In this, the addition of silicon to the steel, the 
acid furnace has many advantages. 


There is a growing tendency towards the elimina- 
tion of methods of deoxidation as applied in the ingot 
mold by powerful deoxidizers, such as ferro silicon 
and aluminum. Exceptions are made in the case of 
shell steels and other high carbon steels where even 
slight porosity is objectionable. It is in general, 
thought better at the present time, to take “preventi- 
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tive” measures during the making of the heat, rather 
than attempt to “cure” by rapid and powerful deoxi- 
dation ‘at the last stage, which is the pouring of the 
ingot. Small amounts of deoxidizers may be used to 
advantage at times in preventing sponginess in the 
solidified ingot, but not those.amounts which cause 
such rapid solidification of the top of the ingot that 
the gases have but little chance to be liberated from 
the ingot, and which tend toward the formation of 
pipes and gas pockets. Considerable discussion is 
necessary to bring out the proper uses of such deoxi- 
dizers. There is a great need for deoxidizers whose 


_ products of oxidation are easily fusible at pouring 


temperatures so that they will unite and rise to the 
top of the ingot. 


There is also a growing tendency towards a recog- 
nition of the proper place that bottom pouring has as 
a method and a better recognition of the merits of 
top pouring. Bottom pouring as applied to the steel 
product as a whole can be considered as usetul only 
where very smooth surface conditions in the finished 
product are desired, and with little regard for the in- 
terior condition of the ingot. More careful regulation 
of the speeed of pouring has greatly improved surface 
conditions in top cast ingots. The advantages of 
churning action in pouring towards the better elimi- 
nation of gases from the ingot before solidification and 
the better temperature allowed for pouring (consid- 
ering the extremely high temperature necessary in 
pouring large groups of bottom cast ingots) make for 
a final soundness and uniformity of product not usu- 
ally obtainable by bottom pouring methods. 


Conclusion. 


Notwithstanding a full appreciation of all that has 
been contributed to the art of steel making by the 
various methods in which the basic open hearth pro- 
cess is applied, there is among thoughtful open hearth 
men a very definite belief that much can be done to- 


- wards future improvement and that the possibilities 


are fully as great as they have ever been. The growth 
of capacity, it is true, has outstripped the growth of 
efficiency in the methods used in employing the pro- 
cess, but we are getting, gradually, a better vision of 
our responsibility in applying methods of conservation 
to our resources of fuel, to the heat energy in our fur- 
naces, and to what is of greatest importance, the great 
problem of labor-saving. 


_ All the greater are our responsibilities and obliga- 
tions in the task of advancing the art of steel making 
when we consider all that science and engineering can 
contribute if we can thoroughly realize our needs and 
so present them, doggedly, perseveringly, day by day, 
that both science and engineering will be constrained, 
even inspired to help us in their solution. Science 


. must also help us, to a measure undreamed of in the 


past, in the solution of many of the problems which 
are confronting us in the use of our resources of raw 
materials for the production of steels on which there 
are placed ever more severe requirements, and we 
must keep before us the fact that there is ever an in- 
creasing need for quality in our product. 


The basic open hearth process embodies a great 
and enduring principle which may for many years find 
application in our steel making processes, although 
through instruments and methods of which we as yet 
have no conception, or knowing of them, have not yet 
the vision that lets us see them in terms of their ulti- 
mate economic value to us. 
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The Logic of Roll Design 


Discussion Showing the Simpler Methods of Slabbing and Prevent- 
ing Overfill—Experiments Noted Which Show the Logic of Using 
Particular Rolls on Special Mills. 


By W. H. MELANEY. 
PART IT. 


AVING shown in the previous article the method 
H of rolling, and the type of rolls used in reducing 

an ingot into a round or square bar of small 
section, the present article will deal with some of the 
various sections, the production of which bring into 
use, principles of design based on entirely different 
conditions, and calling for entirely different methods, 
of preventing overfill or finning, as well as showing 
how the reduction of the steel is compelled to take 


place in the open part, rather than in the closed part 
of groove to get the benefit of the slabbing action. 

Fig. 1 shows a set of rolls for producing ordinary 
rectangular bars, known to the trade as flats. In these 
rolls you will note that either a square or rectangular 
billet, from a roughing set of rolls is given a number 
of passes through these finishing rolls, in what are 
known as tongue and groove passes. These passes 
being generally used both top and bottom in the same 
groove. 


Now if no provision was made to prevent it, the 
reduction in thickness of the billet in each pass would 


cause the steel to force its way between the side of: 


the tongue on one roll and the side of the collar on 
the other roll, leaving a fin on the side of the bar that 
was next to the tongue, and on the next pass, these 
fins would be rolled in or lapped over and two more 
produced on the opposite side of the bar. This would 
happen all the way down to the finished bar, with the 
result that the bar would be worthless as a merchant- 
able product, because all four edges would be made 
up unwelded, rolled in seams. 


So some method had to be evolved to prevent this, 
and common sense suggested the easiest and most 
logical preventative. This was to remove the metal 
from the corners of the bar, where the sides of tongue 
and groove met, and this was done by leaving a fillet 
in the bottom of the groove in each preceeding pass. 
Reducing the size of this fillet in each succeeding 
groove to suit the amount of the reduction. The fin- 
ishing pass, and on thick flats, also the leader pass 
having the corners of the groove turned square and 
sharp, in order that the finished bar may have square 
sharp edges. There usually being sufficient bluntness 
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in the corners of the bar, previous to the last pass, to 
prevent any overfill with the slight reduction given 
on the finishing pass. 

The production of this class of material has pre- 


sented no greater obstacle than that of slabbing down 
the steel with proper protection of the corners, except 
that there is a limit to the amount of reduction that 
can be given the steel, and still have it enter the groove 
without difficulty. The amount of this reduction de- 
pending upon two conditions, the diameter of the 1 Ils 
and the hardness and heat of the steel being rolled. 


From a number of experiments made at various 
times by different experimenters it has been deter- 
mined that in ordinary practice a line drawn perpen- 
dicularly through the centers of the two rolls (See Fig. 
1-A) when they are placed a distance apart equal to 
the thickness of the bar after being reduced, and 
another line drawn from the center of the roll, bisect- 
ing its periphery at a point where the thickness of the 


_ bar before being reduced just touches the outer circle, 


should not exceed an angle of 30 degrees for the heavi- 
est reductions on ordinary soft steel. 

You will note that the greater the diameter of the 
rolls, the greater the reduction indicated. 

Another approximate rule that has been suggested 
is that no billet should be entered into a groove in 
rolls of any diameter, that exceeds in thickness, one 


half the distance between the centers of said rolls, 
measured perpendicularly when the rolls are in con- 
tact. This only holds good on very soft, well heated 
material. 


Rolls for Producing Angles. 

Rolls for producing angles are turned in various 
forms, depending upon the shape of the billet fram 
which the angle is to be rolled. But each method 
makes use of the plain slabbing process same as used 
on a flat, except that a slightly different method is 
used to prevent overfill. | 

If the angle has equal length of legs it can be rolled 
from a square billet entered diagonally into the first 
groove and in which two sides of the billet are used 
to form the sides of the angle. But here again the 
problem presents itself of the tendency of the steel to 
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force its way between the tongue and side of the 
groove of the roll, (See Fig. 2) and this must be pre- 
vented. Now, due to the shape of the groove, the old 
familiar fillet as used in flat rolls is impractical, there- 
fore it necessitates a form of groove for this purpose, 
that is known when used on two high rolls as the turn- 
over pass; because on two high rolls the bar had to 
be turned over before entering this groove. On three 
high rolls this same action is obtained without turn- 
ing the bar over. This form of groove was designed 
for the express purpose of rounding off the corners of 
the angle where the tongue and groove met on the 


next pass, thus shortening it sufficient to provide 
spread to prevent overfill (See Fig. 2-B) this occurs 


on every other pass, except of course, that the finish- 


ing pass is left sharp and square on these corners. 
_ It is usual to roll these angles with the apex up 
in order to better the delivery and prevent the point 


from being worn off on the guides. Rolling the angle 


in this position necessitates placing the pitch line or 
rolling center of the angle at a different level because 
the point of the angle being up is chilled by the water 
used on the rolls when rolling and the under side of 
the angle being protected from the water, stays hotter, 


therefore elongates more and causes the angle to turn . 


up on leaving the rolls. So the diameter of upper 
part of the groove must be increased in order to hold 
it down firmly on the delivery guide. 

Another method of rolling angles. and much used 
on the larger sizes, is the butterfly or opened out 
angie. (See lig. 3) in which the process is exactly 


similar to rolling a flat, except that the final shape of 
the bar to a 90 deg.ee angle is produced by bending 
it up in the last pass. You will note that in this 
method the same type of fillet is used to prevent over- 
fill, as is used in the flat rolls. 

This bending up process of the last pass, due to 
the stretching of the sides of the angle when they are 
forced out straight, introduces another feature. 
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You will find that the outside of the curved side 
of the angle on the groove before the bending up 
groove, if measured with a flexible rule, does not 
measure up to the true length of the side of the angle 
you wish to produce. If it did, when bent up to 90 
degrees the outside of the angle would be tgo long and 
as a consequence the end of the leg would not be 
square. So, to prevent this, the length of angle is 
measured at the center of its thickness. (See Fig. 
3-C). This method not only produces a perfectly 
square edged angle, but as considerable taper is used 
in the sides of the collars of the grooves, the grooves 
are brought back to their original width, each time 
the rolls are dressed. 

Another excellent feature of this design is that a 
flat billet is used, and as the grooves do not need to 
be so deep as where a square billet is used, the rolls 
are much stronger, because the diameter at bottom of 
grooves are larger. 


T-Iron Rolls. 


The rolls used for rolling T-iron present another 
different feature that must be taken care of in order 
to produce the proper section. As this section has the 
form of a T at least one of its legs would have to be 
rolled in the closed part of the groove, that is, that 


part of the groove in which the action of the other 
roll has no effect, and in which the metal can not be 
made to enter except under conditions that will be ex- 
plained later on, and a slabbing effect must be resorted 
to in order that the section may be reduced sufficient 
to drop into these closed portions of the groove. 

Fig. 4 shows the method of slabbing the billet to 
produce the top and vertical shape, and due to the 
positian in which it is placed in the rolls, it delivers 
straight, and this would not be true if this excessive 
reduction was made with the groove at right angles 
to its present position. Then, by turning the T up- 
right in one groove and flat in another, thus getting 
a simple slabbing action on each, the vertical leg of T 
being permitted to drop into the closed portion of 
groove without side draft. The reduction in the thick- 
ness of the legs being taken care of by the slabbing 
action of the other grooves. The overfill at junction 
of. tongue and groove being prevented by rounding off 
the corners in the closed part of pass. 


Rail Rolls. 


The same principle is used on rolling rails as is 
used on T-iron, except where the rail is rolled diagon- 
ally, when a certain amount of slabbing action is pro- 
duced on the flanges without turning the rail upside 
down as is ordinarily done. 

Fig. 5 shows the ordinary type of finishing rail 
rolls in which a squabbing pass is used to reduce the 
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flanges of the rail and also bring the blank to the 
proper height, this takes a formed billet from the 
roughing rolls (See Fig. 5-D) and by the simplest di- 
rect slabbing action, reduces the comparatively heavy 
section from which the flanges are to be formed, to a 
thin flange that will drop into the closed part of the 
next groove and these thin flanges are retained through 
all the other passes used to form the web and head of 


the rail. The height of the flanges being reduced in 
each succeeding groove to take care of elongation and 
keep them up to section. The head of the finished 
rail being formed half in each roll on the last or finish- 
ing pass, the parting of the rolls being at the center 
of the top of the rail head. 
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Overfill is prevented at juncture of tongue and 
groove, as stated previously, by rounding off ue cor- 
ners in the closed part of the groove. 


The design of rail rolls shown in illustration are 
such as are used in ordinary merchant mill practice, 
but where rails are rolled as a specialty, the same 
principles in designing the grooves are used as shown, 
but the grooves are arranged in several sets of rolls. 
to suit the conditions of the practice in use at that 
plant. 

In mills of this special type, the rail is rolled direct 
from the ingot to the finished rail in one direct con- 
tinuous operation. 

The diagonal rolling of rails together with beam 
and channel sections will be taken up in a later article. 


44-inch Reversing Blooming Mill Engine 
Replaced by Electric Motor 


Large Steam Engine Torn Out and Replaced by Electric Motor 
in Twenty-four Days—First Time Electric Power Has Replaced 
Steam on a Large Reversing Blooming Mill. 


By B. M. JONES, 
General Engineer, Westinghouse Electric & Mfg. Co. P 


OR the first time in the history of the American steel 
industry electric power has replaced steam on a 
large reversing blooming mill. Only two previous 

attempts have been made, in other countries to change 
from steam to electric power and in one case the steam 
engine was left intact for emergency purposes. 


On December 7, 1920, the huge steam engine driving 
the 44-inch reversing blooming mill at the Steelton plant 
of the Bethlehem Steel Company, broke down. Work 
was started immediately to tear down the engine which, 
as had been previously planned, was to be replaced by 
electric drive. On December 31, the Bethlehem Steel 
Company started to roll steel with the new electric motor. 
Considering the tremendous task of tearing down the 
large reversing steam engine, blasting out its foundations, 
building the forms for the motor foundations and install- 
ing the complete electrical apparatus in working order, 
the time taken, only 24 days, is considered remarkable. 


Inasmuch as the blooming mill is the only one in the 
plant it was important that the change-over to the electric 
drive be made in the shortest time possible. In addition 
it was also important that no time be lost in making ad- 
justments or in tuning up the new equipment. To accom- 
plish this it was necessary to have everything well organ- 
ized and planned in detail, so that there would be no un- 
necessary delay. The forms for the reversing motor 
foundation were built up complete in two pieces as a tem- 
plate before the engine was removed, and after the old 
foundation was blasted out, these templates were set in 
position, the foundation bolts placed, and the concrete 
immediately poured. This materially shortened the time 
required to make the change. 


The motor rolled 609 tons of steel the first day, 796 
the second, and 1006 the third. The mill is now operat- 
ing single turn, and is in no way curtailing the output in 
spite of the fact that due to shortage of power, under the 
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present condition it is necessary to operate the equip- 
ment with a power demand not exceeding 2500 kw. 


The electric drive consists of a double unit reversing 
dc motor, the necessary flywheel mg set for driving it, 
and a small exciter set, together with.a blower outfit and 
the necessary switching equipment. All the machines ex- 
cept the blower outfit are mounted on the first floor of 
the motor room sub-station. The blower outfit is mounted 
in the basement and the switching equipment is mounted 
on a balcony. Lightning arresters are installed on the 
second balcony. 


The double unit reversing motor, as shown in the 
illustration is a 600 volt adjustable speed direct current 
machine of the compound wound compensated type, hav- 
ing a speed range of 0 to 120 rpm in both directions. It 
is capable of developing 1,900,000 ft. Ibs. torque momen- 
tarily and is directly connected to the mill. 

Each armature of this motor is mounted on the forged 
steel shaft which is supported by two pedestal bearings 
arranged for water cooling and gravity oil lubrication. 
The bearings and frame of the motor are supported by 
heavy cast iron bedplates which is well anchored to the 
concrete foundation by long foundation bolts. 


The motor is semi-enclosed and is arranged for forced 
ventilation. The blower equipment, installed in the base- 
ment, is interlocked so as to prevent operation of the 
reversing motor in case the blower is not delivering the 
proper amount of air to the motor. 


Electrically and mechanically the motor is designed to 
withstand the overloads encountered in reversing bloom- 
ing mill service, and in addition it is provided with a large 
thrust bearing on the pedestal nearest the mill to protect 
it from the mechanical shocks of the mill, such as the 
breaking of a spindle. The ease and rapidity with which 
this motor can be started, stopped and reversed shows it 
to be inherently adapted to reversing blooming mill serve 
ice. : ; : | 
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The motor is a compound-wound machine, the com- 
pounding being obtained indirectly by means of a small 
series exciter and a separate winding on the main poles 
of the reversing motor. Due to the extremely high-peak 
currents, encountered in the main circuit, it would be ex- 
tremely difficult to reverse the ordinary type of series 
field which would be necessary to keep the proper shunt 
and series-field relation. Therefore, the series exciter 
and the separate field winding is used, the series exciter 
field being connected in series with the main-motor arma- 
ture circuit, and the armature of the series exciter being 
connected across the separate winding of the main re- 
versing motor. 

The switches for reversing this field are operated from 
the master switch, which also operates the reversing 
switches in the field of the generator. By this scheme 
the compounding effect is obtained without the necessity 
of reversing the heavy armature current. This compound- 
ing of the reversing motor allows it to increase its torque 
on the overloads, and thereby better meet the severe 
shocks that are encountered. 


Construction Features of Flywheel Motor-Generator 
Set. 


The reversing motor receives its energy from two 600 
volt, 367 rpm separately excited shunt wound, direct cur- 
rent generators of the compensated type, which are de- 
signed to withstand the same peak loads as the reversing 
motor. These generators are driven by a 3200 hp alter- 
nating current motor of the wound rotor type, which is 
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designed to operate on a 3 phase, 660 volt, 25-cycle cir- 
cuit. A 100,000 Ib. flywheel is mounted on the same bed- 
plate between the motor and generators. This flywheel 
is completely enclosed with a plate cover to reduce the 
windage losses, and also to afford protection to the 
operator. The flywheel bearings of this set are arranged 
for gravity lubrication and for water cooling as an emer- 
gency feature. 


Operation of Liquid Slip Regulator to Control Input 
to the Flywheel M. G. Set. 


A liquid slip regulator limits the peaks and equalizes 
the input to the flywheel set. When the load on the alter- 
nating current motor reaches a predetermined value, the 
regulator introduces resistance in the secondary of the 
induction motor which causes the flywheel set to slow 
down, thereby allowing the flywheel to give up a portion 
of its stored energy, and thus absorbing the peak load. 
When the peak load goes off, the regulator cuts out the 
resistance in the secondary circuit of the induction motor, 
and brings the flywheel set back to approximately full 
speed. The regulator is so arranged that the alternating 
current motor cannot be started until the maximum resist- 
ance is inserted in the secondary by means of the slip 
regulator being wide open. The switching equipment of 
the alternating current motor is so arranged that the fly- 
wheel set can be brought to rest within a short space of 
time by opening the forward primary oil circuit breaker 
and closing the reverse primary oil circuit breaker. This 
reverses one phase of the induction motor, causing it to 


Fig. |—Twin tandem compound reversing steam engine 36 inch and 60 inch by 54 inch which was replaced by electric motor at 


the Steelton plant of the Bethlehem Steel Company. 
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exert a torque in the opposite direction, and thereby bring- 
ing the set to rest quickly. 


Special attention has been given to the manner of 
insulating these machines to withstand the dust and dirt 
usually encountered in a steel plant. The direct current 
machines were designed with the object in view of being 
able to withstand the severe overload encountered in this 
class of service. The rapid change of flux in the poles 
requires careful design to eliminate commutation trou- 
bles from which these machines are particularly free. 
The design of the machine to handle this class of service 
involves many wide departures from previous practice, 
and the exceptional service that these machines have given 
is a very good indication that they are liberally designed 
to withstand the abnormally high current encountered. 


Motor Generator Control System Simple as Well as 
Effective. 

The simplicity of this control equipment is clearly 
shown by the fact that the steam engine operators rolled 
steel at the first trial without any trouble whatsoever. 
The operators seemed very well pleased and surprised to 
find the ease with which the master switch was handled 
and the ready and sure response of the motor to the 
master switch. 


The control of the main motor and generator is ob- 
tained by adjustment of the fields, the generator fields 
being reversed to obtain reverse direction of rotation of 
the main motor. The excitation of the motor shunt field 
remains in the same direction at all times. The speed of 
the reversing motor is proportional to the generator volt- 
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age up to normal voltage, and beyond that point the in- 
crease in speed of the reversing motor is obtained by 
weakening its main shunt field. The compound field, de- 
scribed previously, is adjusted to correspond with the 
speed of the reversing motor. The master switch 1s 
mounted in the mill for controlling the contactors which 
adjust the various field circuits of the motor and gener- 
ators. The position of the master switch determines the 
speed of the reversing motor, and its direction of rota- 
tion. This system of control makes the operation of the 
equipment extremely simple and very easy to operate 
while at the same time obtaining a very rapid and ef- 
fective means of control. 


The reversing motor and direct current generators 
are separately excited, receiving their excitation from a 
small induction motor driven exciter set. The main 
direct current circuit breaker between the reversing motor 
and its generators is so interlocked that it cannot be 
closed unless the exciter set is operating properly. 


Additional Equipment in Blooming Mill Motor Room 
Sub-Station. 

The motor room sub-station is used for synchronizing 
the two power houses and there are installed on the first 
floor three 1000 kva transformers having a ratio of 2200 
to 6600 volts, through which the power of one power 
house is stepped up to the voltage of the second power 
house. The oil switch and synchronizing apparatus neces- 
sary for synchronizing these two stations is located on 


(Continued on page 181) 
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Fig, 2=A view of entire motor room sub-station. Note the difference between this illystration and Fig. 1, which shows the old 
steam engine. Only 24 days were required to bring about thig change. 
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Herbert A. Andresen, Founder of the Blast 
Furnace and Steel Plant, Ends. ~ 


Remarkable. Career 


Herbert A. Andresen, President of the Andresen 


Company, Inc., was called by death on January 22, 
1921. Apparently in vigorous health, he was at- 
tacked by pneumonia, and despite every effort to 
effect his recovery he succumbed after an illness of 
only a week. 

Herbert A. Andresen, the son of Cark.and Mimi 
Andresen, was born March 14, 1884, in Detroit. 
After receiving his early education in that city he 
entered the University of Michigan at Ann Arbor. 
Subsequently he was graduated from the Detroit 
Law College, and for a time engaged in the prac- 
tice of law. 

Possessed of exceptionally keen analytical facul- 
ties; an unusual power for grasping and assimilat- 
ing details; an abnormal capacity for work; and a 
magnetic personality, which won the confidence and 
admiration of all with whom he came in contact, he 


would inevitably have risen to distinction in the ~ 


legal profession; but the lure of technical ‘journal- 


ism proved stronger than his love for the lawyer's: 


life. 

Turning his attention to publishing, he first be- 
came identified with the Penton Publishing Com- 
pany of Clevland, and here 
his material aptitude for 
work in this field was at 
once apparent. 

With the clear vision and 
excellent judgment which 
characterized his entire busi- 
ness career, he very early 
glimpsed the possibilities of 
a publication devoted exclu- 
sively to the operating prob- 
lems of the steel industry. 
With steadfast confidence in 
this conviction, he launched 
his first independent pub- 
lishing venture, THe Bast 
FURNACE AND STEEL PLANT, 
which under his capable 
management was a success 
from the start. 

In the industrial supre- 
macy of Pittsburgh, Mr. 
Andresen recognized the evi- 
dences of a more logical 
field for the development of 
a publication so _ closely 
allied to the basic industries 
of Western Pennsylvania. 
Accordingly, in 1914, he 
came to Pittsburgh with 
THe BuLast FURNACE AND 
Stee, PLant—then only a 
tiny pamphlet—and became 
associated with the National 
Iron and Steel Publishing 
Corpany. Here his strong individuality soon made 
itself felt. His exceptional ability and his remark- 
able talent for organization were speedily recog- 
nized, and within a few months he was made prest- 
dent of the company. One of the doubtful assets 
of the company was a weekly journal, rather broad 
in scope and without distinct appeal to any one 
definite industry. This was discontinued and in 
its place appeared THE AMERICAN Drop Forcer, 
which in January, 1921, became ForRGING AND HEatT 
‘TREATING. 


The success of these two journals paved the way 
for a third venture, in the field of coal mining, and 
in January, 1918, after a careful analysis of the 
field and the effecting of the necessary alliances, 
THE Coat INpustry began paeblication; thus estab- 
lishing three publications which effectively serve 
the interests of the operating officials of three dis- 
tinct industries. ~ Ay 

During the dark days of the>World War, Mr. 
Andresen became very anxious ta:offer his services 
to his country. F. C. Andresen, then in charge of 


‘the New York office of the National Iron and Steel 


Publishing Company, was elected Vice President 
and General Manager, and called to take charge of 
the business. 

Mr. H,. A. Andresen tendered his services to 
the government, and almost immediately was made 
labor administrator for the Emergency Fleet Cor- 
poration. To this work he gave his undivided at- 
tention, displaying the energy.and constructive abil- 
ity which characterized all ht undertakings. 

After the war, Mr. Andresen did not return to 
active participation in his publishing interests. He 
contemplated a wider field of endeavor. 

Acting on this conviction, 
he first visited the important 
industrial centers of the 
United States, and then 
spent some two years in a 
tour of the world. Hts 
experiences on this trip 
confirmed many of his for- 
mer views and fortified him 
with a varied and extensive 
knowledge of forcign trade 
conditions. He returned to 
America convinced that the 
greatest commercial possi- 
bilities lay in Latin America 
and the Far East. 

While abroad, he appoint- 
ed capable correspondents in 
the various countries visited, 
and he was actively engaged 
in perfecting the details of a 
new publishing enterprise. 

The publishing projects 
which he established might 
well constitute an adequate 
monument to the lifelong 
labors of one man, but he 
looked upon this work as a 
mere beginning. Still a 
young man, he had outlined 
activities of international 
scope im comparison with 
which his earlier achieve- 
ments would have seemed 
insignificant. In his un- 
timely death the community is prematurely deprived 
of a brilliant personality and an able citizen, and 
his many friends have sustained an irreparable loss. 

On January 25, 1911, Mr. Andresen was married 
to Louise S. Tackels, of Detroit. She survives him, 
with one son, both parents, and a brother, F. C. 
Andresen, who now succeeds him as President and 
General Manager of The Andresen Company, Inc., 
formerly the National Iron and Steel Publishing 
Company. 
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Forge Plant for 75MM _ Projectiles 


Example of Rapid Construction Under Adverse Condition—The 
Hydraulic Pressed Steel Company, Cleveland, O., Built at the Out- 
break of the War, Is Well Designed and Equipped. 

“< By T. W. TOWLER. 


TN 1917, shortly after the United States went to war the 

Hydraulic Pressed Steel Company, which during the 
“ preceding two years had been furnishing shell forg- 
ings to both the Russian and the British governments, 
‘was authorized by the United States government to erect 
and equip a new forge shop of sufficient size to turn out 
from 50,000 to 55,000 ‘shell forgings daily. 

The contract for the building and the equipment was 
_-awarded on November 10 with the understanding that 
‘the production of shell forgings at the earliest. possible 
moment was the “essence of the agreement.” 


The following day, Sunday, November 11, work on 
the site was commenced, and on Monday a steam shovel 
-and teams were excavating for the pump pit and foun- 
dations. The first steel was erected December 21 and 
‘the last structural members were hoisted into place Jan- 
-uary 26, 1918, the 900 tons of steel having been erected 
_twith zero temperatures during the entire period. 


The first pair of shells was forged on section No. 1, 
-January 23, a temporary end wall having been erected 
between sections 1 and 2 to prevent the apparatus from 
‘freezing. The succeeding four sections were put in com- 
mission at intervals of two or three weeks, the temporary 
-end wall being moved backwards to the north so as to 
include sections 2 and 3 as soon as they were ready 
for water and production of forgings. Shortly after 
section 3 was put in operation, the construction of the 
shop was so far completed as to-render the further use 
of the temporary wall unnecessary. 


By May 1 the plant was turning out on an average 
45,000 to 50,000 shells daily and as the crews became 
_ mhore expert, the output was later increased to between 


2 2 — 


Digitizea ty (504 gle 


60,000 and 70,000 shells per day. This speedy comple- 
tion of the project was the result of the most hearty 
cooperation of the entire Hydraulic Pressed Steel organi- 
zation led by George C. Brainard, General Manager, and 
F. H. Smith, Chief Engineer, whose counsel and assist- 
ance was always available at any time of day or night. 


The enthusiasm shown by the steel erectors, the 
masons and pipe fitters’ organizations in Cleveland is also 
worthy of mention since the erection of the entire build- 
ing and its equipment was carried on continuously under 
most unfavorable weather conditions and with tempera- 
tures seldom above the zero mark. 


Arrangement of Plant as Shown in Fig. 1. 
The departments and details of construction consisted 
in general of : 


THE TOtWe SNOB .6.oo 4 She Sei cots Sak Teese 80x600 ft. 
Two-story office building .............. 56x120 ft. 
BOUET ROUSE \Ncccnavicackvaewk beenkss 50x100 ft. 
SU OStALION “ic ick Sodas a remecae dageistew es 50x 50 ft. 


Miscellaneous small structures, together with a 
storage yard with about 2500 ft. of track served by 
a 10-ton traveling crane, 80 ft. span and travel of 
about 400 ft. 

The natural contour of the site, lying as it does on 
the crest of a side hill, and its location in relation to the 
old plant and tracks, necessitated raising the grade of 
approximately half the entire area about 6 feet and_the 
building of a retaining wall 15 feet high and about 1700 
feet in length along the north and westerly boundaries. 
The westerly section of this wall carried the west towers 
and runway for the 10-ton yard crane. 


The 600 foot forge shop built parallel to and directly 
east of the three receiving and shipping tracks which run 
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Fig. 2—Airplane view of modern hydraulic pressed steel plant 
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almost due north and south was divided into three divi- 
sions or departments by imaginary lines, the north divi- 
sion, about 80x100 feet, taking care of the billet cutting 
lant and billet storage, the center division, 80x430 feet 

as occupied by the forging department proper, consist- 
ng of oil fired furnaces, hydraulic forging presses with 
umps and adcumulators and inspection floors while the 
outherly division, 70 feet long, was given over to the 
tool department, testing laboratory and _ timekeeper’s 
offices. 


The building, a steel frame structure with side walls 
bout 80 per cent glass, about 20 per cent removable cor- 
ugated-iron panels, and a roof with generous saw tooth 
onitors, oronidiae for an abundance of light and ventila- 
ion, is served its entire length by a 10-ton high speed 
ravelling crane, and is heated by an indirect system with 
he distributing ducts carried through the roof trusses, 
rops being installed at each column and outlets located 

about 8 feet above the floor line. 


In view of the excepticnally heavy service, the floors 

alt the front of the furnaces and around the forging 

resses were ‘of heavy cast iron plates set in concrete 

hile, as a precautionary measure, sand and cinders 
were used under the furnaces and for cooling beds. 


The remainder of the shop floor was of 3 inch wood 
block laid in pitch on a concrete slab. 
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Routing of Material. 

In general, the routing of material through the shop, 
from the cutting of bar stock into billets, to the loading 
of the finished and inspected shell forgings into railroad 
cars was one continuous forward movement, the bar stock 
being transferred from cars to the inclined receiving 
tables at the northwest corner of the shop. 


The bars traveling by gravity to the lower end of the 
receiving table were fed one by one to the cutting tables 
where they were nicked at proper intervals with acetylene 
torches and were then fed by hand over roller conveyors 
to heavy machines which broke the bars previously nicked 
into billets of the correct length for forging into shells. 


The billets were collected at the south side of the 
breakers in heavy steel skips and were deliverd by an 
electrically operated monorail hoist either direct to the 
heating furnaces or temporarily deposited in the billet 
storage which lay about midway between the breakers 
and forging department. 


The 10 forging units, each unit consisting of a pair of 
continuous heating type of oil fired furnaces and one 350 


* ton piercing and one 250 ton drawing press were arranged 


in five groups or sections. Each section was served by 
three 250 gallon motor-driven pressure pumps and one 
21 inch by 15 foot stroke accumulator loaded to maintain 
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’ Fig. 3--Interior view of forge shop of the Hydraulic Pressed Steel Company. 
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a pressure of 1,500 pounds per square inch on the press 
rams. 


Both the piercing and the drawing presses were tooled 
to work two forgings at each hit or stroke and were so 


Fig. 4—Piercing Press, first operation. 


piped that a little better than two strokes per minute 
could be maintained continuously. 


The Making of a Projectile. 

In the making of a shell at this plant the bars (ap- 
proximately 3 inches in diameter and about 12 feet in 
length as received) from the mill were first cut into 
billets varying in length from about 6 inches for shrap- 
nel to as much as 10 inches for a mark IV common shell. 


The billets after being brought to forging temperature 
are placed in the “pot” of the first operation press which 
by means of a water cooled punch pierces the billet for 
about 70 per cent of its original length. 


Due to the restraining influence of the pot, the metal 
displaced in the piercing operation, instead of spreading 
laterally, flows backwards along the punch increasing the 
length of the forging by from 3 to 4 inches. On the 
return stroke of the press the pierced shell is lifted part 
way from the pot by a mechanical “knock out” and at the 
proper moment is grasped by an operator with suitable 
tongs and passed quickly to the drawing press for the 
final passes. 


The first of these final operations increases the depth 
and contour of the interior of the shell and also gives a 
uniform thickness of metal at the base of the forging. 


These operations are performed by means of a hand 
operated stopper plate held in position directly over the 
final sizing or drawing dies the press ram of course mak- 
ing only a portion of its full stroke. The almost com- 
plete forging is then pushed clear through the sizing dies 
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and there held while the press ram and its punches are 
withdrawn, leaving the completed shell in a favorable 
position to be transferred by hand to the cooling floor. 


Inspection. 

The completed shell forgings were subjected to rigid 
tests for correct diameters inside and out, concentricity 
of bore with outside wall, thickness of head or base and 
over all length. 


The inspection of the output of each section was per- 
formed in that section and the accepted forgings were 
transferred direct from the gauging tables to the railroad 
cars by means of a small motor-driven chain belt, ele- 
vators and gravity conveyors. 


Fig. 5—Inspection, continuous conveyor system shown in 
foreground. 


The photographic reproduction of the shop layout 
shows clearly the location of the cutting, heating and 
forging divisions also the location of pumping equipment 
in relation to storage yard and shipping tracks. Approxi- 
mately half of all the 75 mm shells forged in the United 
States during the war were made in this shop and a big 
percentage of the output was used by the United States 
troops at the front prior to the armistice. 


The last shells were forged December 24, 1919, and 
the shop is now engaged in the fabrication of light struc- 
tural steel building frames, this change in character of 
work having been provided in the general design. 


The shop was designed and constructed by Westing- 
house, Church, Kerr & Co., Inc., which recently consoli- 
dated with Dwight P. Robinson & Co., Inc., under the 
name of the latter company. 


ENGINEERS’ SOCIETY OF WESTERN PENN- 
SYLVANIA BANQUET. 


Repeal of the excess profits tax, the backbone of the 
revenue act of October 3, 1917, as well as revision of the 
present income tax were recommended by C. B. Hurrey, 
of Washington, chief speaker at the forty-first annual 
banquet of the Engineers’ Society of Western Pennsyl- 
vania, held at the William Penn hotel. Approximately 
750 of the members of the organization were in attenflance 
of a total membership of over 1200. Mr. Hurrey for- 
merly was deputy commissioner of internal revenue un- 


der Daniel C. Roper. 
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Steel Plants Order Electrical Equipment 


General Electric Company Have Received Orders for Special 
Electrical Apparatus. 


URING the year improvement was shown in ap- 
D proximately every branch of the electrical field 

pertaining to steel mill operations. Larger 
equipment was built than ever before, and as a result 
there were practically no installations of the year that 
were not watched very carefully by the operating off- 
cials of all steel companies. Among some of the in- 
teresting equipment built by the General Electric 
Company, are to be found in the following: 


Induction Motors With Modified Scherbius Double 
Range Speed Regulating Sets. 

Illinois Steel Company, Gary, Ind., has ordered two 
motors to drive a 20-inch hot strip mill. The first 
motor was rated 5500/440/3400 hp, 170/136/105 rpm, 
6600 volts, 25 cycles. This motor was provided with 
a speed regulating set having 1100 kv-a regulating 
motor. This is the largest capacity alternating current 
commutator machine ever built. The second motor 
for driving this 20-inch hot strip mill was rated at 
2070/1650/1205 hp, 235/18714/137 rpm, 6600 volts, 25 
cycles. 

This order also covered four motors for driving a 
12-inch hot strip mill, rated as follows: 

Motor No. 1—2756/2240/1750 hp., 262/214/167 rpm. . 

Motor No. 2—750/625 /460 hp., ele 220 rpm. 

Motor No. 3—750/600/440 hp., 473 /375/278 rpm. 

Motor No. 4—300/225/165 hp., 335/225/165 rpm. 


14-Inch Hot Strip Mill, Trumbull Steel Company, 
Warren, Ohio. : 

This mill will consist of 10 stands, all driven by 
adjustable speed direct current motors, receiving 
power from two 2200 kw synchronous motor generator 
sets. 

The arrangement of the mill with respect to the 
drives, is as follows: 


Stand Horsepower Speed rpm. 
(continuous) 

cea Aa ccsacieueens wees 1250 175 to 350 
6 (OD ge age achat ara ocale Gly 1250 175 to 350 
iths CpadieG tig anes eee eases 800 200 to 400 

BN tn geavedacna eae ones aa 800 231 to 462 
DSP hash ale hand OP ea 800 256 to 512 
10. e2isGsaceeassliuetacese nee 800 275 to 550 


The control requirements for this mill are most 
exacting. The several stands of the mill are located 
close together and the steel is rolled at an unusually 
high speed, making it necessary to provide for very 
close adjustment of the speeds and for maintaining 
these speeds with wide fluctuations in load to prevent 
the development of loops or stretching the steel be- 
tween the stands. 

American Brass Company. 

The equipments for three reversing mills for roll- 
ing copper are being built for the American Brass 
Company. Each mill is driven by a 350 hp continuous, 
1000 hp max. momentary, 275/470 rpm reversing type 
direct current motor, the power for which is supplied 
from 300 kw synchronous motor generators. 


Superior Sheet Steel Company, Canton, Ohio. 
At this plant there are two General Electric 24-pole, 
1000 hp, 300 rpm, 2200 volt, slip ring induction motors, 
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each driving a sheet mill consisting of four finishing 
stands, two roughing stands and two cold rolls. The 
motor is geared to the mill through a Falk gear, hav- 
ing gear ratio 9.7 to 1. The gear unit is provided with 
two flywheels over hung on the pinion shaft, each 10 
feet 6 inches in diameter, and each weighing 25,000 
pounds. A magnetic control equipment is provided 
for starting the motor and effective utilization of the 
flywheel energy is obtained by a notching back relay. 
Primary reversing oil immersed contactors are pro- 
vided so that the motor may be plugged in case it is 
desired to stop it quickly. Additional resistance is in- 
serted in the rotor circuit when the motor is plugged 
so that the current drawn from the line will not ex- 
ceed approximately full load current of the motor. 


Eastern Rolling Mill Company, Baltimore, Md. 


This plant has two 12-pole, 1500 hp, 250 rpm, 2200 
volt, 25 cycle slip ring induction motors. Each motor 
drives a hot sheet mill consisting of six finishing . 
stands and four roughing stands. The motor is geared 
to the mill through a gear unit manufactured by the 
Mesta Machine Company, having a gear ratio of 8 to 
1. The gear unit has two flywheels over-hung on the 
pinion shaft, each 13 feet in diameter, and weighing 
approximately 38,000 pounds each. Magnetic control 
equipment is provided and a notching back relay in- 
sures effective utilization of the flywheel energy. 


The cold rolls are driven by an 8-pole, 800 hp, 375 
rpm, 2200 volt, 25 cycle slip ring induction motor, 
which is geared to the mill through a Falk type F-10 
ar! unit without flywheels, having gear ratio of 9.1 
to I. . 


Improvements in Switchboard Electrical Equipment. 

- Developments during the past year in switchboard 
apparatus, which are more especially connected with 
the control of electrical circuits in the steel industry, 
are as follows: 


Truck Type Panels. 


A standard unit safety enclosed removavle truck 
panel consists of a sheet steel panel on wnich are 
mounted instruments, meters, oil circuit breakers and 
other appliances, truck framework to which are at- 
tached instrument transformers and disconnecting 
switch studs suitably mounted on insulators; and the 
stationary framework with sheet steel compartments 
for busses and connections and for receiving movable 
truck. . 

A switchboard made up of the removable truck 
type panels can be supplied in separate units or built 
up to form a complete switchboard with its acces- 
sories. Connections are automatically broken as soon 
as truck is removed from compartment, positively in- 
suring that workmen have no live parts to handle. 
One great advantage ‘is obtained in that continuity of 
service is assured. Should a breakdown occur, a 
spare unit can immediately be placed in service with- 
out taking the power off the main bus, thereby inter- 
rupting the service on other sections of switchboard; 
this gives great flexibility to the station. 
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Application of Waste Heat Boilers to Open 
Hearth Furnaces 


Detailed Design of the Boilers Showing the Necessity of Super- 
heaters, Soot Blowing Equipment, Feed Water Regulators. 
Calculations of Waste Heat Boilers for Open Hearth Furnaces. 


4 By THOMAS R. TATE, 
Engineer Perin and Marshall. 


furnaces is a subject that should appeal to the 

electrical engineer as well as to the metallurgical 
engineering profession. The latter are inclined to 
view it from the aspect of decreased cost per unit of 
production, while the former should consider it from 
the standpoint of reduced costs of power or additional 
capacity available for generating electric current and 
reduction in investment charges of the coal fired stand- 
by station. 

Especially for those steel plants which purchase 
their power is the utilization of waste heat an oppor- 
tune subject. The public utilities will undoubtedly 
oppose the installation of waste heat boilers for steam 
generation as this affects their possibility for the sale 
of power. Nevertheless, the waste heat boiler instal- 
lations afford the isolated plant another good and ex- 
cellent argument for the continuance of its existence. 

So many numerous installations of waste heat boil- 
ers have been made in this country on open hearth 
furnaces since the experimental plant constructed at 
the South Chicago plant of the Illinois Steel Company 
in 1910, and many tests have been performed and 
records kept of the daily operation of these installa- 
tions, that the modern waste heat boiler and theory 
covering its design have been worked out to such a 
stage as to insure the ultimate success of almost any 
installation. 

Nearly all of the large steel companies have one 
or more waste heat boilers in service on their open 
hearth furnaces today. Some of these were experimen- 
tal plants and have not given as satisfactory service 
as an installation made today with the present data 
available on this subject, would justify. Most of the 
difficulties have been due to insufficient, or too much 
draft, lack of proper draft control, improper location 
of boiler with respect to stack and induced draft fan, 
and to the presence of numerous air leaks through the 
checker-work in the waste heat flues and in the boiler 
setting. All of these troubles can be overcome in new 
installations, but it is somewhat difficult to obtain the 


“Te utilization of waste heat from open hearth 


Note—Presented before the Philadelphia Section of the 
Association of Iron and Steel Electrical Engineers. May 1, 
1920. Published along with the discussion in the December 
issue of that society’s proceedings. 
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most satisfactory arrangement. when a waste heat 
boiler is added to an existing plant. 

The present installations comprise boilers of the 
fire tube type, horizontal water tube boilers and ver- 
tical water tube boilers. Each type has its respective 
advantages and disadvantages as is the case with 
standard coal fired practice, and some engineers have 
their preference, but in many cases the first cost of 
the installation and the maintenance charges deter- 
mine the decision as to which type shall be employed ; 
and the question of efficiency and per cent of rating 
developed is not always given the careful study it de- 
serves. 

The results obtained from numerous tests lead to 
the following conclusions and theories with regard to 
the waste heat boiler, as applied to the open hearth 
furnace. 


Design. 

The design of the proper size and type boiler for 
an installation should be determined upon the bases 
of the weight of waste heat gases from any given size 
furnace and the tonnage rating of the furnace. This 
weight can be calculated from the amount of carbon 
content in the fuel and in the charge per ton of ingot 
steel produced and from analyses of the gases and 
their atomic weights. The averages of several tests 
with produced gas show values of CO, of from 12 to 
16 per cent and of CO from zero to 0.6 per cent. 


The draft on the furnace generally varies from 1.3 
to 1.5 inches of water. The draft loss through the 
waste heat flues depends to a great extent upon the 
length of the flues, number of bends, etc., but for aver- 
age conditions and a gas velocity of 25 feet per second 
0.1 inch of water should suffice. The draft loss through 
the boiler varies from 1% to 3 inches of water, de- 
pending upon the type of boiler and the area of the 
gas passage and accumulation of dust on heating sur- 
ace. 

The induced draft fan should be of sufficient capa- 
city to handle the volume of gases passing through it 
and furnish the desired draft. The method of driving 
the fan will be discussed later. 

The temperature of the gases entering the boiler 
ranges from as low as 900 degrees’F. in some instal- 
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lations to a maximum of 1,400 degrees F. and varies 
considerably during a given heat. With a -properly 
designed flue, and the boiler located within 20 to 30 
feet of the checkers, an average temperature of 1,200 
degrees F. should be obtained at entrance to the 
boiler. 


_ Due to the fact that most of the heat transfer from 
the gases through metal heating surface to water 
comes from the principal of convection of heat and 
very little transfer is gained from radiation of heat, 
close attention must be paid to the principles promot- 
ing the efficiency of convection. These principles are 
general and basic and may be stated as follows: 


- Close confinement of the gases to the heating sur- 
face; long gas travel; ample time for the gases to be 
in contact with the heating surface; gravity or me- 
chanical cleaning of heating surfaces to insure great- 
est efficiency, and no possibility for the gases to short 
circuit the heating surfaces, regardless of velocity. 

The location of the boiler should be adjacent to 
the stack, on center line of the furnace. The fuel used 
may affect the arrangement slightly as it may elimi- 
nate part of the checker-work and vary the location 
of the waste heat flues. 

The waste heat flues should be designed to come 
directly from the checker work to the boiler, with a 
by-pass around the boiler and fan and suitable by-pass 
valve. If underground, these should be _ protected 
against heat losses and air leaks by from three to 
four feet of earth. If overhead, they should consist 
of a steel pipe with a suitable firebrick lining. 

Induced draft is absolutely essential to the success 
of any scheme of open hearth waste heat utilization. 
The fan, preferably of the steel plate overhung type, 
should be so located as to obtain ample draft at all 
times to move the gases generated through the boiler 
and minimize the length of passage from outlet to 
stack. 

The fan drive should be determined from the 
standpoint of draft control and feed water heating. 
Variable speed motors constant speed squirrel cage 
induction motors, steam turbine drive or steam engine 
drive may be used with satisfaction. 

With’ variable speed motors, the speed and draft 
may be controlled from the melting platform. With 
constant speed motors it is necessary to use a damper, 
also controlled from the melting platform. With 
either a steam turbine or a steam engine, the speed 
and draft may be varied directly at the fan. 

The steam turbine affords the most flexible method 
of drive and of course gives ample exhaust steam for 
feed water heating. 


Superheaters. 

Superheaters are a necessary adjunct of any power 
house and should not be omitted in any waste heat boiler 
installation. Their location should be such as to fur- 
nish the desired amount of superheat. Whether this 
be between the first and second passes, parallel to the 
first pass or located in the boiler entrance, should be 
ees for any given condition and type of boiler 
used. 

The square feet of heating surface required for 
superheaters is approximately 10 per cent of the total 
square feet of boiler heating surface. 


Soot Blowing Equipment. 

Soot blowers are absolutely essential for the suc- 
cessful operation of any waste heat boiler containing 
a large amount of dust in the waste heat gases and 
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should be installed regardless of the type of boiler se- 
lected. If the heating surfaces are not kept clean the 
average efficiency and percentage of normal rating ob- 
tained will rapidly fall, hence the installation of soot 
blowers as a prime requisite. 


Feed Water Regulators. 


It is also advisable to have feed water regulators, 
but the type selected should be unaffected by tempera- 
ture changes as conditions very often necessitate lo- 


cating the waste heat boiler outdoors. 


Calculations of Waste Heat Boilers for Open Hearth 
Furnaces. 


There has been evolved from the tests made upon 
waste heat boilers a simple method for determining 
the horsepower which can be developed and the proper 
size boiler to be installed for the development of that 
horsepower, which is as follows: 


B.H.P. Ux L 
In Which: 
B.H.P. = Boiler horsepower. 
W = Pounds of gas available per hour. 
C = Specific heat of the gases. 
T, = Initial temperature of the gases entering 
the boiler. 
T, = Temperature of the gases leaving the boiler. 
E = Constant used to cover unaccountable loss- 
es, variation in dust accumulation on 
heating surface, etc. 
U = Pounds of water evaporated from and at 
212 degrees F. per hour per bhp. 
L = Latent boiler vaporization from and at 212 


degrees F. 


The coefhcient E appears from test results to have 
a value of between 85 and 90 per cent. 


As an approximation W may be assumed on the 
basis of 1000 pounds of gas per ton of output if oper- 
ating on producer gas. 

The specific heat C may be taken | as .24 to .27 for 
most calculations. 

The heating surface required in the boiler to de- 
velop the horsepower obtained by the following for- 


mula: 
S = W XC x (T, — T,) 
ae at T t +t 
R e ( ts Ie} 
In which: 


W, C, T,. T,, are the same as above. 

R = Rate of heat transfer = B.T.U. per square 
foot of heating surface per degree tem- 
perature difference per hour. 

= Tempreature of steam due to pressure. 
t, = Temperature of feed water. 
= Square feet of heating surface. 


The rate of heat transfer can be calculated or inter- 
polated from a curve (See “Experiments on the Rate 
of Heat Transfer from a Hot Gas to a Cooler Metallic 
Surface,” by the B. & W. Co.), provided gas passage 
area of the boiler is known in terms of weight of gases 
per square foot of flue area per hour. In open hearth 
waste heat boilers of the horizontal water tube tvne. 
this gas area is restricted to approximately 3,500 
pounds per square foot of gas passage area per hour, 
and a high gas velocity thereby obtained. 
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Interpretation of Flue Gas Analysis 


A New Graphical Method for the Interpretation of Flue Gas 
Analysis—Graphs Applicable to Practically All Fuels Used in 
Steel Plants. 


By GILBERT B. HOWARTH, 
The University—Leeds, England. 


OMPLETE tests of the thermal efficiency of boilers, 
furnaces, and similar appliances generally involve 
a series of laborious calculations intended to deter- 
mine: 
1. The ratio of the amount of air supplied for combustion 
to the minimum amount of air theoretically required for com- 
plete combustion, and 


2. The ratio of the amount of heat in the ‘hot flue gases 
to the amount of heat liberated by the combustion of the fuel. 


If these calculations can be generalized in such a way 
that the results may be represented on a system of co- 
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ordinates, the determinations may be effected rapidly from 
the smallest possible number of experimental data. 


The combustion with excess of air of any fuel contairi- 
ing only carbon, hydrogen, oxygen, and nitrogen may 
usually be regarded as producing flue gases composed of 


——+;-- 


Paper presented before Society of Chemical Industry and 
Publtshed:in Their Journal. 
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mixture of carbon dioxide, water vapor, oxygen, and 
nitrogen. In the usual processes of gas analysis water is 
eliminated and the composition of the dry gas obtained. 
The ratio of the volume of water vapor in the flue gases 
to the volume of carbon dioxide is equal to half the ratio 
of hydrogen atoms to carbon atoms in the fuel. 

The composition of the dry flue gases may be com- 
pletely defined by a statement of the percentages of any. 
two of the dry constituents (say oxygen and carbon diox- 
ide), the percentage of the third (in this case nitrogen) 
being obtained, if required, by difference. These quanti- 
tis may be calculated for the combustion of any given fuel 
with any given percentage excess of air by constructing a 
chemical equation. Thus there are four variable quanti- 
ties : 

P = Percentage of oxygen in the dry flue gases. 

© = Percentage of carbon dioxide in the'dry flue 
gases. 

x = Extra air, expressed as a percentage of the mini- 
mum quantity of air theoretically required for complete 
combustion. 

n = A quantity depending on and to be calculated 
from the composition of a fuel, and which is the same 
for those fuels (and no others) which, when burnt with 
a given percentage of extra air, give flue gate of the same 
dry composition. 

From any given values of n and x it is possible to 
construct a chemical equation, and from it to calculate’ 
corresponding values of P and Q. 

Suppose that the values of P and QO calculated for'a 
number of values of n and x are plotted on a system of. 
rectangular coordinates and that lines are drawn through 
all points obtained from the same value of n, and another 
series of lines through all points obtained from the same’ 
values of x. The two series of lines thus drawn will con- 
stitute an irregular grid superimposed on the original 
rectangular grid. This double grid constitutes the basis. 
of the “graphical method” to be described in this paper. 
It will be seen that for any point on the diagram the four 
quantities, P, O, n, and x may be read off at once on two 
grids. Moreover, any two of the four quantities are suff- 
cient to define a point on the diagram from which the 
other two quantities may be obtained at once by inspec- 
tion. 


The commonest use of the diagram for industrial pur- 
poses is the following: The “fuel factor”. (n). being 
known from the composition of the fuel, the only obser- 
vation required is the percentage of carbon dioxide in the 
dry flue gases in order to obtain accurately from the dia- 
gram the percentage of oxygen in the dry flue gases and 
the percentage of extra air. Moreover, if the composi-: 
tion of the fuel is not known, the value of n can be found 
from the diagram by a single determination of carbon 
dioxide and oxygen in the dry flue gases. 


The calculation of the codrdinates of multitude of 
points from a corresponding number of chemical equa-. 
tions (as supposed in the preceding paragraphs) is not 
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actually required in practice. The chemical equation rep- 
resenting the combustion of C, H, with x % of extra air 


containing A % of oxygen is the following: 
C,H, + (a + b/4 [O, + (100/A — 1) N,]+ 

0.01 x (a + b/4) [O, + (100/A — 1) N,J= 
a CO, + b/2 H,O + 0.01 x (a + b/4) O, + 

(1 + 0.01 x) (a + ba} (100/A — 1) N, 
From this it is seen that 

1-+-0.01x(1-++-b/4a) + (1-+4-0.01x) (1-+b/4a) (100/A—1) 
volumes of dry flue gases contain volumes of CO, and 
0.01 x (a + b/4) volumes of O, 


x ( + b/4 a) 
1+-0.01x(1+-b/4a)-+(1+0.01x) (1+b/4a) (100/A—1) 


and percentage of carbon dioxide = Q = 
100 


1+-0.01x(1+-b/4a)+ (1+0.01x) (1-++b/4a) (100/A—1) 
Since the values of P and Q for a given value of x 
depend only on the ratio b/a, we may accept this ratio as 
fulfilling the function of the quantity n mentioned above. 
Hence we may put n = b/a. Then if A= 21.0, from 
these two expressions, by the elimination of x, the follow- 
ing general equation for the “fuel lines” is obtained :— 
P+ (1 + 0.1975n) Q = 21.0 
which is the general equation of a series of straight lines 
(one for every value of n), all of which pass through the 
point (21.0). 

By the elimination of n from the same expressions, 
the following general equation for the “extra air lines” 
is obtained :-— 

(376/x + 4.76) P + Q = 100 
which is the general equation of a series of straight lines 
(one for ce value of x), all of which pass through the 
point (0,100 

These results, shown graphically i in the extra air dia- 
gram (Fig. 1), are quite in accord with the disposition 
of the lines that might be expected from general consid- 
erations. 

It should be noted that when P = 0 (i.e., complete 
combustion without excess of air) the equation of the 
fuel lines becomes 


Q = 21.0/(1 + 0.1975n) 


thus giving the percentage of carbon dioxide obtainable 
in such ideal conditions. 

It has been shown above that any hydrocarbon may be 
completely defined for the present purpose by the ratio 
of the number of atoms of hydrogen to the number of 
atoms of carbon accompanying them, i.e., n= H/C. Thus, 
for example, n is 1 for benzene or acetylene, 2 for ole- 
fines, 2.4 for pentane. 


Other methods of defining hydrocarbons (e.g., by the 
gravimetric percentage of one of the elements, etc.) may 
be used, provided that the numbers attached to the fuel 
lines on the “Extra air diagram” are amended accord- 
ingly. 

It is evident that the addition to or removal from a 
fuel of oxygen and hydrogen in the proportion to form 
water will have no influence whatever on the composition 
of dry flue gases. Thus, to obtain n we must subtract 
from the number of atoms of hydrogen two atoms of 
hydrogen for every atom of oxygen in the fuel and divide 
the remaining number by the number of atoms of carbon, 
1e.,n = (H — 20)/C. Where a fuel is rich in oxygen, 
the value of n thus obtained may be negative; thus for 
carbon monoxide n = — 2, and for carbon dioxide n = 


The majority of pure combustibles may be dealt with 
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by the formula n = H — 20)/C. For example, n is 2 
for alcohol or ether, aad O for carbohydrates. 

Nitrogen in the fuel is assumed to be associated with 
a portion of the oxygen in the proportion to form air. 
Thus, for example, the products obtainable by the com- 


plete combustion of C. H, O, N,, without excess of air 


will have the same composition i those obtainable by: 
the complete combustion of C. HO, — d/ without 


8.76 
excess of air. This suggests that the value of n is the 
same for both substances and is equal to [b — 2 (c — 
d/3.76)] /a or, using chemical symbols, n = (H — 20 + 
0.532 N) /C. But the minimum quantity of air required 


for the combustion of a molecule of Cc, H O, N, iS 
a + b/4 — c/2 volumes and for the combustion of a 
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molecule of C. H, O, —a 2g is a + b/4 — (c — 


d/3.76)/2 volumes: and any extra air supplied is meas- 
ured as a percentage of one or other of these two quanti- 
ties according to the formula used to represent the com- 
bustible. Therefore the percentage of extra air given by 
the chart (which utilizes the second expression) must be 
converted into the units obtainable by actual measurement 
(according to the first expression) by multiplying by 

(a + b/4 — c/2 + d/7.52) / (a + b/4 4+ c/2). 

In other words, the chart readings (x) must be increased 
by a certain fraction, 6x/x, viz., 


sx  8=sod/7S2—i“‘( ;*;*~SC SRM 
x a+ b/4—c/2 4a + b— 2c 


or, reverting to the use of chemical symbols, the correc- 
tion to be added to the percentage of extra air given by 


the chart 
0.532N z 
4C + H — 20 
In the same way, if the percentage of extra air is included 


in the data, this (x -+- 8x) must first be reduced to the 
chart readings (x) by subtracting the following correc- 


—§x = 
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tion from the percentage of extra air as given :— 
0. 


x = 707 H— 20 4 Osun F  &) 

For many industrial purposes (for example, routine 
tests to regulate the supply of secondary air to a gas-fired 
furnace) absolute values of the extra air are not essential, 
and relative values are almost as useful in controlling the 
approach to the theoretical minimum. In this case the 
correction 8x need not be applied, the figures obtained 
being regarded as relatively correct. The errors thus in- 
troduced become smaller as the theoretical minimum of 
air is approached. Or an approximation may be made 
by using a simple empirical formula applicable to a given 
class of fuel. 

An alternative method of dealing with nitrogen is 
based on the fact that the addition of nitrogen to a fuel 
reduces the proportions of oxygen and carbon dioxide 
in the flue gases in the same proportion. Though this 
treatment is not usually convenient in practice, it pro- 
vides an interesting confirmation of the arguments used 
above and a simple method of verifying the accuracy with 
which the diagram is drawn. 

We may consider that the combustible sulphur in the 
fuel burns completely to sulphur dioxide. Atoms of sul- 
phur should be added to atoms of carbon, the SO, being 
recorded as CO, in the flue gas analysis. The molecular 
ratio of the two gases will evidently be the same as the 
atomic ratio of the elements. In practice the proportion 
of sulphur in the fuel is usually small, and the presence 
of this element may be ignored, or its quantity assumed 
to have a suitable average value for all fuels of a given 
type. 

The above formula deal with the atomic composition 
of the fuel. It will be clear that they may be adapted to 
suit gravimetric composition, or, in the case of gases, 
volumetric composition. These formulae are summar- 
ized in Table 1. 

The part of the “Extra air diagram” above and to the 
right of the line corresponding to n = — 4 and x = «, 
and the part below the P-axis (n = «) do not appear to 
be applicable to ordinary industrial fuels. 

The region to the left of the Q-axis involves negative 
values for the extra air and oxygen. Evidently this area 
covers the important case of incomplete combustion, 
where the negative percentage of extra air implies a de- 
ficiency of air and the negative percentage of oxygen im- 
plies the presence of an equivalent quantity of uncon- 
sumed combustibles. It seems possible that this region 
might be utilized by considering separately the fuel factor 
of the fuel burnt, and the fuel factor of the combustible 
material remaining in the flue gases. But the process be- 
ie very complex when combustion is seriously incom- 
plete. 


For any physical properties of the dry flue gases that 
may be calculated from their composition (e.g., density, 
heat capacity over any stated range of temperature, etc. ) 
further series of lines may be drawn on the “Extra air 
diagram.” The determination of carbon dioxide in the 
dry flue gases may then be replaced by a determination 
of any physical property for which curves have been 
prepared. In practice it may be more convenient to make 
the measurements on the flue gases saturated with water 
vapor at a pre-arranged temperature, this modification 
being taken into account in the calculation of the curves 
to be superimposed on the extra air diagram. 

The author has no difficulty in using an extra air dia- 
gram photographically reduced from the original large 
and complex diagram to a size of about 2 in. x 3% in. 
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For industrial purposes it is suggested that a diagram 
about 30 in. x 18 in. with many more lines should be 
reproduced by lithography in a single color to avoid regis- 
tration troubles). From such a diagram, suitably 
mounted on sheet, zinc, or three-ply board, any draughts- 
man could trace the lines in distinct colors, the tracing 
being confined to that part of the diagram that was of 
particular interest for the purpose in view. 

' The composition of the dry flue gases being known, 
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either by actual analysis or by the use of the diagram 
already described, the thermal capacity of the dry flue 
gases over any given range of temperature may be cal- 
culated from the mean specific heats at constant pressure 
of the various constituents over the given range. 


From the large number of specific heat determina- 
tions that have been made the calorimetric measurements. 
up to 1400 degrees C. carried out by Holborn and Hen- 
ning may be selected. Their results are so arranged as 
to give for each gas the mean specific heat at constant 
pressure from O degrees C. to t degrees C. in the form 
of a linear or quadratic expression in t. (For water 
vapor 100 degrees C. forms the lower limit). Since 
oxygen and nitrogen have practically the same molecular 
specific heats, Q and t are the only data required for the 
calculation of the heat contained in a given amount of 
the dry flue gases. Moreover, since the weight of carbon 
burnt in the formation of this quantity of dry flue gas 
can easily be found, the quantity of heat in the dry flue 
gases formed during the combustion of unit weight of 
carbon may be obtained. The equation connecting this 
quantity with Q and t is the general equation of the curves 
forming the upper part of the “Thermal diagram,” 
(Fig. 2). It will be recognized that, of this quantity of 
heat per gram of carbon, the quantity of heat per gram 
of carbon contained in the carbon dioxide alone is given 
by the curve corresponding to Q = 100. : 

The lower part of the thermal diagram shows the 
total heat (sensible plus latent) contained in the water 
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vapor accompanying the above quantity of dry flue gases. 
For any given temperature this may be expressed in terms 
of K, which is the ratio of hydrogen, atoms to carbon 
atoms in the fuel burnt. Evidently the total heat in the 
whole flue gases per gram of carbon burnt is the sum of 
these two quantities (i.e., for dry flue gases and for water 
vapor), and is obtained by measuring along the ordinate 
corresponding to the observed temperature the intercept 
between the curve corresponding to Q (the percentage 
of carbon dioxide in the dry flue gases) and that corre- 
sponding to K (the ratio of hydrogen atoms to carbon 
atoms in the fuel burnt). 


According to Holborn and Henning the mean specific 
heat at constant pressure from O degrees C. to t de- 
grees C. (in calories per gram) are as follows: 


N, ~ 0.2350-+0.000019t 
CO., 0.2010-++-0.0000742t—0.000000018t? 
H,O (from 100° C.) 0.4669—0.0000168t--0.000000044t? 


Calculation from these gives: 
Heat in dry flue gases per gram of carbon burnt = 
(54.83t + 0.00443t?) / Q + 0.189t + 0.000228t? 
— 0.000000066t® 
from which the upper part of the thermal diagram may 
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ably accurate over a wide range of temperature, certainly 
up to 2000 degrees C. 


As in this case the fuel is always supposed to be burnt 
with the theoretical minimum quantity of air, we may 
substitute for Q the value given previously — when 
P = 0, Q = 21.0/(1 + 0.1975n), so that the lines in 
the upper part of the diagram may be labeled with values 
of n instead of with values of Q. Then, n and K being 
known from the analysis of the fuel, and the calorific 
value of the fuel per gram of carbon being obtained, the 

“theoretical flame temperature” may be read from the 
diagram (Fig. 3). 

As before, the heat contained in the carbon dioxide 

alone is given by the curve corresponding to n = — 4. 


According to Lewis and Randall the specific heats at 
constant pressure at T degrees C. absolute (in calories 
per g.—mol.) are as follows: 


N, and O, 6.5 + 0.0010T 
co, 7.0 + 0.0071T — 0.00000186T? 
H,O = 881 — 0.0019T + 0.00000222T* 


Calculation from these gives: 
Heat in dry flue gases per gram of carbon burnt 


Table 3—Values of n, $x/x, and K for Various Gaseous Industrial Fuels. 


American Coal gas, Coal gas, 
carbureted horizontal vertical 


water gas__— retorts retorts coke oven 
. gas 
Cal. val. Btu per cu. ft 713 625 587 526 
COs as ie cers hearin 3.0 2.5 2.5 2.5 
CO? iucciamieueus uae 27.0 5.5 10.0 6.5 
Ca dhe Ber ancducis 12.5 3.5 3.5 2.0 
CHe. Scesuatoawew dares ox 19.5 33.0 27.0 25.0 
Pa) csnteeucateanetaauiess 30.5 49.0 52.0 55.0 
One ciieoseaietee shies 1.0 0.5 0.5 0.5 
Nise het ncaweiomies tae 6.5 6.0 4.5 8.5 
100.0 100.0 100.0 100.0 
A eile we ok tees 1.73 4.55 4.12 5.15 

/ OX) Rvocannrsas eds 1.40% 1.47% 1.19% 2.53% 

Approx.f .......... 1.37% 1.44% 1.15% 2.42% 
Gnd emda aaaenes 2.46 4.88 4 5.55 


*C;H, is the assumed average composition of the unsaturated hydrocarbons. 


be plotted. Also total heat in water.vapor produced dur- 
ing the combustion of 1 g. of carbon 


=K (445.0 + 0.3515t — 0.0000159t? +- 0.000000033t°) 
from which the lower part of the thermal diagram may 
be plotted. 

The expression “Theoretical flame temperature,” is 
often used to denote that temperature at which, when a 
fuel is burnt with the minimum quantity of air, the heat 
in the flue gases is equal to the heat developed by the 
combustion of the fuel. Occasionally a specified fraction 
of the heat developed by combustion is employed, in order 
to allow for radiation losses from the flame. Evidently 
this temperature may be found by means of a thermal 
diagram resembling that already described. However, in 
general the “theorefical flame temperature” of industrial 
fuels lies between 1500 degrees C. and 2500 degrees C. 
—beyond the scope of Holborn and Henning’s specific 
heat determinations. The most convenient data to use 
are those collated by Lewis and Randall (J. Amer. Chem. 
Soc., September, 1912), who modified a large variety of 
experimental results to agree with theoretical require- 
ments, thus obtaining simple formula likely to be reason-- 
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Producer 
Present gas (bitumi- 
day town’s Blue nous coal Mond Blast 
gas - water —no steam) gas furnace gas 
gas 
480 316 155 152 106 
4.0 45 1.0 17.0 10.0 
rae 43.0 29.0 11.0 30.0 
28.0 0.5 2.0 30 
ee 48.0 10.0 24.0 1.0 
20.0 4.0 58.0 45.0 59.0 
100.0 100.0 100.0 100.0 100.0 
3.48 0.21 0.87 0.58 88 
6.44% 2.25% 65.7 % 50.9 % 101.5 % 
6.25% 2.22% 65.5 % 51.8 % 97.5 % 
3.96 2.04 0.88 0.52 0.05 


tUsing the formulae given in Table 1. 


=n(0.531t + 0.0000392t?) + 2.854t + 0.000411t? — 
0.000000052¢° 

from which the upper part of the flame temperature dia- 
gram may be plotted. 

Also total heat in water vapor produced during the 
combustion of 1 g. of carbon 
—=K (445.0 + 0.3523t — 0.00001458t? +- 0.0000000308t°) 
from which the lower part of the flame temperature dia- 
gram may be plotted. 

Table 1—Summarized Formulae. 
From atomic composition. 
= (H — 2 0 + 0.532N)/(C + S) 

3x == 53.2N/ [4(C +58) + H—20]% 

K = H/C 
From gravimetric composition. 

n= (4H — ¥% O 4+ 0.152N)/(1/3 C + %S) 

$x/x = 15.2N/[4(1/3C + %S) + 4H — 01% 

K = 12H/C 


From volumetric composition of gases.* 


n= [6C,H, + 4l1CH, — (CO, + O,) J 


+ 2(H,S 
(Continued on page 181) 
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Heating Furnace Fuel Progress During 1920 


All Manufacturers Are Interested in the Present Fuel Situation 
and Are at Present Laying Plans for Economizing Their Fuel 
Costs—The Proper Fuel for Furnaces Should Be Selected. 


By A. E. BLAKE. 


HE first nine months of 1920 witnessed feverish 

manufacturing activity, during which there was 

a continued uncertainty in regard to the fuel 
supply. This uncertainty gradually disappeared in 
the last quarter of the year; but as the coal situation 
became more favorable, the status of natural gas has 
become more uncomfortable and discouraging than at 
any time heretofore. 


The use of fuel oil in competition with coal or gas 
is largely dependent upon its price, and that has 
reached levels such as to greatly discourage its use. 
The price receded somewhat in the latter part of the 
year, but there seems to be little hope that it will fall 
to the levels reached in the summer of 1919 or of the 
prewar period. 


In a monograph entitled “The Petroleum Out- 
look,” published in 1920, by Arthur D. Little, Inc., 
Chemical Engineers, Cambridge, Mass., we find the 
following: “The oil industry, in short, is face to face 
with the issues of its remarkable career. In making 
the most of its opportunity for expansion, it has as- 
sumed economic responsibilities far in excess of what 
it can hope to meet. Some of these, the less essential, 
it must now get out from under in order to go on 
meeting the other and more essential ones.” 


To those who have had to do with the purchase 
and use of fuels, the factors which had bearing upon 
the fuel supply and prices are familiar enough to re- 
quire no comment. It is the writer’s object to show 
in general, some of the possibilities which have be- 
come apparent to those who have had serious fuel 
problems and have solved them to some more or less 
satisfactory degree. While it may seem to many as 
thought the times are, and have been, very unfortunate 
as regards fuel supply, they are turning out to be a 
blessing in disguise, because of the enforced abandon- 
ment of crude methods. 


Manufacturers are continually on the lookout for 
new sources and kinds of fuel, but they still have 
much progress to make in methods of application. Not 
that these methods are by no means unknown, but 
because of the general distrust of new methods which 
exist among furnace operators. Throughout the whole 
situation, one in touch with the facts cannot fail to be 
impressed at the surprising lack of technical men who 
are capable of rendering unquestionable decisions in 
regard to fuel selection and utilization. The writer 
believes that the fuel question cannot fail to increase 
in importance and that it is one worthy of the best 
trained engineering talent. It also seems clear that 
the best solutions are to be achieved when full recog- 
nition is had of the relation of the science of chemistry 
to the subject. It is evident today that the chemist 
and chemical engineer have thus far overlooked a 
very fertile field and one which with proper study 
would yield more return to them and to the public 
than any other. 

Owing to the careful attention which has been 
paid to the subject of gas making equipment, the fuel 


engineers of our industrial plants now have a remark- 
ably good list of alternatives from which to select 
heating furnace fuels. Passing over coal firing equip- 
ment of various kinds, in which there has been little 
progress in the past 12 months, and oil firing equip- 
ment of which the same is also true, so far as the 
writer is aware, we come to the subject of advances 
in the production and utilization of gaseous fields. 


Producer Gas. 


The use of raw hot producer gas is surely coming 
to be recognized as having a more limited field for 
industrial heating than many of those who advocate 


its use are willing to admit. In steel mill work, be- 
yond its use as fuel for open hearts, soaking pits, and 
batteries of very large slab, billet, skelp, tube, and 
other recuperative or regenerative furnaces there is 
no difficulty in finding a more suitable gas, and in 
works where coke oven gas is available, the above 
named installations are generally heated with it in 
preference to producer gas. The elimination of vari- 
ous nests of producers from the production area of a 
mill and the desing of the transportation system from 
the duty of coal carrying, and the elimination of mas- 
sive brick lined gas mains requiring frequent cleaning 
out, are factors in the preference for better gas. 


For several low temperature operations, cold 
cleaned producer gas, generated and cleaned at a cen- 
tral plant, has received considerable attention. For 
mold drying, core baking, soft metal melting, tinning 
and galvanizing, such gas has much to recommend it, 
since it will do the work perfectly, and eliminate the 
labor and expenses incident to the use of coal or coke. 
Producers for making this type of gas can be pur- 
chased with such low rated capacity, and at such a 
price, that even a small bake shop need not depend 
upon natural gas any longer. It seems likely that 
there will be much activity in the further use of this 
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fuel, particularly as the methods multiply for cleaning 
it adequately. Very few good cleaning systems for 
bituminous producer gas are known at present. 


The use of producer gas in extensive plants, even 
for low temperature work is really unsound, as the 
following may help to make clear. It will be recalled 
that producer gas contains approximately 60 per cent 
nitrogen, which acts as the diluent in the matter of 
increasing the combustion volume and thus decreases 
the combustion intensity. A theoretical mixture of 
150 Btu producer gas which requires about 1.3 cubic 
feet of air per cubic foot, has a heating value of only 
about 65 Btu per cubic foot. This value is about 65 
per cent of those for natural gas, coke oven gas, water 
gas, etc. The reaction temperatures theoretically 
adaptable is only about 2,500 degrees F. This value 
is about 1,000 degrees lower than for the other gases 
just mentioned, hence the nearer the furnace tempera- 
ture requirements are to the reaction temperature of 
producer gas, the greater the drop in efficiency of fuel 
consumption. This gas is automatically ruled out for 
direct firing, as the temperature requirements ap- 
proach the reaction temperature. 


A brief examination of the curves shown in Fig. 1* 
will illustrate the point just made. It will be found 
that at a temperature of say 800 degrees F., the heat 
of combustion passing into the flue for waste gases 
is 28.5 per cent of all that is generated, in the case of 
cold clean producer gas; whereas it is 25.0 per cent 
for water gas; at 1, degrees F., the figures are 56 
and 42 per cent; and at 2,000 degrees F., they are 71 
and 52 per cent, respectively. Even at the low tem- 
perature the steady, unremitting, and unnecessary 
drain upon the fuel pile should be sufficient to warrant 
careful thought on the subject of a more expensive 
type of gas plant. The French name for producer gas 
is “poor gas”, (gaz pauvre) and the French language 
is noted for its steel-cut precision. 


Water Gas. 


The adaptability of water gas to industrial heating 
has been singularly overlooked in this country, and 
yet its development as a fuel took place in Pennsyl- 
vania in the seventies. Its use is common in Europe, 
however, and several plants in America have adopted 
it in some degree. Interest in it is growing and wide 
spread. As a matter of fact, the gas has been under 
our very noses, so to speak, disguised as carburetted 
water gas, and used for domestic purposes, and small 
industrial and commercial heating where natural gas 
cannot be had. Its standing among fuels, from the 
efficiency viewpoint is shown by Fig. 1. Its cost of 
manufacture is only slightly, if any, higher per million 
Btu’s than that of cold clean producer gas. It can be 
mixed with coal gas to good advantage, and the du- 
nlex process. whereby bituminous coal can be made 
to supply mixed coal gas and water gas of average heat 
content of 375 Btu per cubic foot, at the rate of 
159.000 Btu per ton, without question forms the 
solution of the gas problem for many an industrial 
plant. This process vields first quality gas from the 
nearect and most reliable source, bituminous coal, at 
a cost ner heat unit lower than the common rates for 
natural gas in the Pittsburgh district. 


Tn his discussion of the writer’s paper on “Water 
Gace” nroceedings of the Engineers Societv of West- 
ern Pennsylvania, December, 1920, Mr. J. H. Taussig, 


*Conrtesy of the U. G. I. Contracting Company, 
Philadelphia, Pa. 
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Gas Engineer, of the sales department, U. G. I. Con- 
tracting Company, Philadelphia, Pa., made the follow- 
ing remarks: 


“Blue water gas for industrial uses is not new 
practice in England and Germany, but it may be con- 
sidered somewhat new in this country. In Europe 
where natural gas is lacking and oil is more costly, 
blue gas has been one of the most important fuels of 
industrial plants. . 


In the past, there has been no incentive to go into 
the manufacture of blue gas apparatus in this country, 
though we have been manufacturers of carburetted 
water gas apparatus since 1882. Oil and natural gas 
have been so cheap and plentiful in this region that 
water gas seems to have been forgotten. Since the 
war began, everything has been upset, including 
prices of fuels, particularly oil and natural gas, and 
it looks as though they would not be lowered any. 
We soon realized that water gas would make a 
splendid substitute. 


Where the heating must be non-regenerative, and 
the gas must be clean for extensive distribution, blue 
gas is especially good. Producer gas distribution over 
a large plant requires a tremendous piping system. 
It has a specific gravity of about 1.00, while blue gas 
has a specific gravity of only .55. The mixed gas is 
still lighter. (Mr. Taussig refers to coal gas mixed 
with water gas as from the duplex process.) At the 
same line pressure, about four times the number of 
heat units can be transmitted per given size of pipe 
of water gas as with producer gas. That is quite an 
item in a large plant. Blue gas can be used to gain 
the highest temperature required in gas furnaces with- 
out recuperation or regeneration, whereas cold pro- 
ducer gas calls for such practice at temperatures above 
1,700 or 1,800 degrees F. Blue gas can also be used 
on regenerative furnaces, where the work and shop 
conditions are of such a nature as to permit it. In 
heat treating work, blue gas furnaces are very much 
more easily regulated and do not permit scale forma- 
tion on iron and steel as readily as those fired by raw 
producer gas. 


I would like to emphasize particularly the fact that 
in the Pittsburgh district, a combination of coke re- 
tort plant and blue gas plant will prove to be the 
cheapest source for artificial industrial gas fuel.” 


To make 1,000,000 Btu’s of mixed gas in a combti- 
nation plant, with coal at $3.50 per net ton, it would 
cost about 30 cents, exclusive of investment charges. 
The investment cost at 12 per cent would make the 
additional cost 15 cents, making the total cost about 
45 cents per 1,000,000 Btu. Is this not an attractive 
proposition for a fuel that can be used for all purposes 
with at least as much efficiency as with natural gas? 


It might interest you to know that with coal at 
$3.50, the equal number of heat units in combination 
gas would be equivalent to 6%4-cent oil, while with 
coal at $5.00 per ton, the gas will compare with 8-cent 
oil. This includes the investment cost for gas while 
the price of oil is merely that for its delivery into the 
storage tanks. Comparisons on the basis of produc- 
tion have shown the ratio between this mixed gas and 
oil to be $3.50 coal to 3-cent oil, or $5.00 coal and 
4-cent oi.” 


With the exception of large regenerative furnaces, 
where the equipment is placed in a position almost 
adjoining the furnace, I do not see any place where 
producer gas could compete with the combined gas. 

(Continued on page 181) 
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Where you have a gas with a reaction temperature of 
3,500 degrees F., you are going to get high efficiency 
im every type of industrial furnace, whether it requires 
a low temperature or not.” 


Other Gases. 


It is safe to say that because of conditions, no 
recorded process for obtaining gas has escaped atten- 
tion in the past 12 months. Owing to the just aver- 
sion for large scale experimentation, however, few are 
likely to have a trial. An interesting and most ingeni- 
ous process is being developed for the making of pro- 
ducer gas from oil, and some installations are com- 
plete and operating. The main question of its pre- 
ferment is that of the cost of a 1,000,000 Btu’s, how- 
ever, compared to that for other efficient gases. Fur- 
thermore, if the art were more advanced in applying 
oil fuel direct with the efficiencies which are obtain- 
able with gases, the field for the gasified oil would 
become quite narrow. 


The competition of artificial gas with raw coal is 
a subject which is just becoming of interest to many 
steel mill men. It has already been stated that the 
gas can be delivered, all charges paid, at a cost below 
that of natural gas at present prices for coal. This 
factor alone would tempt many to investigate it. 
During the past year, however, extensive application 
of modern equipment for firing with gas has been 
made in steel plants, notably in sheet mill furnace 
heating. Following is data taken from regular sheet 
mill operation, showing the extent to which natural 
gas has been sacrificed in the past, and how erroneous 
is the common impression that the “blanket of flame” 
is essential for heating and scale prevention. 


Type of installation, multiple chamber sheet fur- 
nace. Temperature of operation—about 1,700 degrees 
F: Number of reheats on the sheets—3 or 4. 


No. of Vol. of Wt. of Cu. ft. of 

Furnace gas used sheets rolled gas per Ib. 
Dates 432,200 280,100 Ibs. 1.543 
B- sau seeds 330,600 271,940 Ibs. 1.212 
3. siveuees 969,000 327,620 Ibs. 2.958 
@oeeveuss 1,102,800 271,600 Ibs. 4.060 


The average consumption per pound of steel in the 
case of Nos. 1 and 2 equals 1.3775. These furnaces 
are heated with the most modern equipment obtain- 
able. The average requirements of the other two 
furnaces equal 3.509 cubic feet per pound. These 
furnaces were fired by the so-called lazy flame. The 
difference in gas consumption per pound equals 2.1315 
cubic feet. This is 60 per cent'of the amount of gas 
which has been used up to the time the modern ap- 
plication was discovered. It will be interesting for 
the reader if he chooses to determine for himself the 
dollar and cent saving for a continued operation of, 
say 300 days. 


In consideration of such results, it would seem 
that when going into the consideration of artificial 

s, it will pay the mill man to provide modern means 
or using it, since in the above case it is fair to sup- 
pose that the size of installation, and consequently its 
cost, can be tremendously reduced. It seems worth 
while to emphasize what has already been referred to 
in the foregoing as regards the influence of lulls in 
manufacture. The writer can recall no time when as 
much interest in the foregoing subjects has been dis- 
played, as is now evidenced by plant engineers, 
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managers and directors. This is exactly as it should 
be, and we are safe in being assured that the most 
rigid economy will be required in all phases of manu- 


facture from now on. 


INTERPRETATION OF FLUE GAS ANALYSIS. 


(Continued from page 178) 
4+ H,—CO) + 1.064N,]/(3C,H, + CH, + CO + 
CO, + H,S) 
8x/x = 53.2N,/(9C,H, + 4CH, + 3H,S + CO+H, 
—20,)% 
K = (6C,H, + 4CH, + 2H, + 2H,S)/(3C,H, + 


‘CH, + CO + CO,. 


Approximations (subject to amendment). 
For coals (gravimetric composition). 
dx/x = 14N% but is practically always negligible. 
For industrial gases over 400 Btu (gross) per cu. ft. 
8x/x = (300 & N,)/(2 X cal. val.) % 
(from volumetric composition). 
For industrial gases under 400 Btu (gross) per cu. ft. 
8x/x = (700 & N,)/(4 X cal. val.) % 
(from volumetric composition). 


Table 2—Values of n, §x/x and K for Various Solid Indus- 


trial Fuels 
wn wn 
n Bs wn S Ww n @ rT) 
eg #2 #2 2 23 ¢ 
6 me BE BE Bz : 
a Wiis Wi un wns O 
C4 59.5 75.9 79.1 87.6 90.4 87.2 
ee 6.0 5.2 4.5 4.1 3.3 1.2 
O. 27.3 93 6.8 1.2 2.5 2.3 
N. 0.5 1.3 1.0 28 0.9 0.8 
GS eaeakes 1.5 2.8 0.9 0.8 0.9 1.2 
Ash. ...... 5.2 5.5 77° 35 2.0 7.3 
100.0 1000 1000 1000 1000 1000 
M ...eeee, 0.52 0.63 0.56 0.55 0.40 0.13 
{ 3s x 0.08% 0.17% 0.13% 0.32% 0.10% 0.10% 
N/8 ..... 0.06% 0.16% 0.13% 0.35% 011% 0.10% 
Pe lesaas 1.21 0.8 0.68 0.56 0.44 0.17 


*C,H, is the assumed average composition of the unsaturated 
hydrocarbons. 


44” REVERSING BLOOMING MILL ENGINE. 
(Continued from page 166) 


the gallery. A double feeder system is brought to the 


‘gallery from one of the power plants and usually these 


two feeders are used in parallel for supplying the induc- 


‘tion motor of the flywheel M.G. set. 


A small transformer 6600 to 440 volts with a 220 volt 
starting tap is used for supplying the power to the exciter 
set, blower and pump motors. As an emergency feature 
the Bethlehem Steel Company have brought the 440 volt 
ac mill circuit into the motor room sub-station. This 


‘circuit will be used for driving the exciter set, blower and 


fan motors, in case any trouble develops on the small 
transformer. 


Ventilation of Motor Room Sub-Station. 

As a convenient and effective means of keeping some 
of the mill dust and dirt out of the motor room sub- 
station, an additional duplicate blower equipment was 
installed in the basement and is arranged in conjunction 
with the other blower equipment, so that either blower 
equipment can be used to ventilate the room while the 
other is ventilating the reversing motor. This affords 
considerable means of protection in regard to keeping 
dust and dirt from settling in the motor room. 
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THE ART OF MASONRY IN A STEEL PLANT. 
By Rosert SMITH, 
Master Mason Inland Steel Company. 


The first thing is that the material used is very expensive 


and means a lot of lost money if it is not laid up correctiy.. 


It also means considerable loss in tonnage because as a 
rule there are no spare furnaces. 


Not many years ago we paid little attention to the clay 


which we used to lay up the brick; instead, we always 


figured on the brick which gave us the best service. I have 
found that by using the proper kind of clay or cement that 
we are able to get at least 40 to 50 per cent more out of the 
same brick, which means much more tonnage for the plant. 
I don’t care how good the brick are, or how perfect they 
are laid, if you don’t have clay as good or better than the 
brick the work will not stand and there will be a large loss 
of brick, besides tonnage and labor. 

Next in order is the proper kind of bricklayers to do the 
work. I have found that a poor bricklayer can do just as 
much harm to good material as bad clay will do with good 
brick. I have always made a study of my masons and have 
found that by placing them at work to which they are suited 
I am able to get much better work and more of it. 

We are very particular with our bricklayers and mate- 
rial on blast furnace stoves and coke ovens on account of the 
enormous cost and loss of tonnage when a blast furnace or 
battery has to be shut down. It means a considerable loss 
of money too, so I feel that the best is not too good in lay- 
ing up the blast furnace linings. 


Soaking Pit Work. 


We used to put the arches over the checker chambers 
with all 9 inch brick with a small rise, but this caused con- 
siderable trouble so that we gave the arches from 12 to 15 
inch rise, and had 13x9x2% silica end wedge brick made 
for the first two rings on the face of the arch, and from 
there on back we had 13x4%4x2' fire brick. These arches 
when put in right last from 12 to 18 months, while the old 
style lasting from one to three months only. 


We have always tried to see that when the masons work 
on arches they use all the end wedges or the arches they can 
possibly put in, without over running the center. I mean 
by this that there are masons who will often use a No. 2 
wedge or No. 2 arch and then, in order to keep from over 
running the center, they have to put four or five straight 
brick in. Using No. 1 means more wedges in the arch, thus 
enabling us to get at least 50 per cent better service out of 
this class of work and a great deal more tonnage. This also 


means a large saving in material and labor. 

At one time I used 9 inch standard size brick in parti- 
tion walls and side work, but I now use 18x9x4%4 and 13x9x44 
blocks. The reason for using the two sizes is to properly 
bond the walls, and by using these kind of blocks we are 
able to do the work much faster and with fewer joints in 
the wall. When the mason lays one 18 inch block he has 
filled a space on the wall that would require seven 9 inch 
‘ standard brick, which means that we are able to reduce labor 
considerably. We lay the brick with the clay mixed to a 
thick grout; by so doing we get a solid joint. At one time 
we put in the checker with 9 inch standard brick. We now 
use 10x414x4%4 and the reason for the change is that we had 
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to remove the 9 inch brick to clean out the checkers, causing 
us to lose about 45 per cent of the brick on breakage. With 
the 10x412x444 we lose only about 15 per cent. Another 
advantage is that the 10 inch brick lay much more solid. 
Some seem to think enough heat cannot be gotten out of 
this kind of checker, but we find we have sufficient. 


Today almost all of the steel plants are trying to get a 
checker from which the flue dust can be cleaned out without 
removing the checker. This will mean a large saving in 
labor, time and material. I know of several different kinds 
that are so arranged, but as they have been out but a short 
time I am unable to say which is the best. The checker I 
speak of mostly refers to open hearth furnaces. I have had 
considerable experience on open hearth furnace rebuilding, 
both gas and oil and have found it is much easier to build 
this kind of furnace for oil than it is for producer gas; also, 
it is not necessary to be as particular in building the fur- 
nace for oil. 


We use very little silica cement, the brick being laid dry. 
This means that the work goes much faster and the cost of 
cement is eliminated. However, when using producer gas, 
everything has to be laid close and laid in cement, I mean on 
the port ends so as not to let the gas and air mix. 

Neca ssn / ee 2 Po Ee tO ‘fs 
Open Hearth. 

One of the first parts which have to be rebuilt on an open 
hearth oil furnace is the front and back walls, and every 
time these repairs have to be made it means a big loss in 
tonnage. 1 have found that if these walls are not banked 
correctly by the bottom maker after each heat, we are fortu- 
nate to get more than from 40 to SO heats out before these 
walls have to be rebuilt. However, if they are kept banked 
up well with dolomite, we get all the way from 125 to 150 
heats out of the same walls. To rebuild a front wall we 
must take off the doors and door frames, which means that 
the furnace is idle from four to five hours. Therefore all 
back and front walls in open hearth furnaces should be kept 
well banked. 


Wherever we have arches that the skewback is supported 
off a wall, we lay a channel on top of same and bolt it to 
back buckstay. Then we set skewback on same. This is so 
that when we have to replace the walls below the skewback 
we can remove old walls and the channel will hold the skew- 
back so that the arch will not fall. This scheme saves us 
lots of work and time. I have found that by setting the 
skewback brick for all furnace arches back 5 inches from 
the face of the jams we obtain better results and making 
the first courses a header so that if the jam is knocked out 
or was off 5 inches the arch will still have a good skewback, 
which means that the arch will not fall or that the jam can 
be repaired without losing the arch. 


I feel that this has saved me a great deal of extra work. 
and expense. I have always claimed that the correct way 
to lay firebrick is to boil the clay and mix it to a grout— 
just thick enough so that a solid joint will be made. I have 
found it is a hard job to make the bricklayers use old brick 
or bats. It seems in the majority of cases that if they want 
a half or a piece of brick, they will break a new brick; 
however, by continually keeping after them, this can be 
eliminated. 
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The General Electric Company has recently developed a new 
turbine of the Curtis type suitable for driving such apparatus as 
blast furnace and converter blowers and centrifugal air com- 
pressors and exhausters for oil, gas, or powdered coal furnaces. 
The turbines are of one, two, or three stages, and operate at 
steam pressures of from 50 to 300 Ibs., with or without super- 
heat, and either condensing or non-condensing. 

The turbine is constructed throughout so as to give the great- 
est strength and rigidity possible, and the casing is easily raised 
for inspection, or removal of the wheels. The steam connec- 
tions are so arranged that they need not be disturbed when it is 
desirable to remove the top of the casing. 


The turbine is equipped with speed control in the form of a 
centrifugal governor, and if desired an emergency governor. 
The first is of the centrifugal tension spring type, the motion 
of the weights being transmitted through ball bearing connec- 
tions to the governor valve. The speed may be adjusted while 
the turbine is running by a simple operation of the governor 
valve. The emergency governor is attached, operates entirely 
independently of the main governor, when the speed rises to 
about 15 per cent above normal. 

The steam passes through the first stage nozzles, from the 
steam chest, the nozzles being opened, or closed, as required by 
hand valves placed in the steam chest. The governors control 
the flow of steam to all nozzles. 


JONES SPUR GEAR SPEED REDUCERS. 

The Jones Spur Gear Speed Reducer is an enclosed spur 
gear drive with the high and slow speed shafts concentric and 
having the same direction of rotation, and is designed for reduc- 
ing motor speeds by direct connecting the motor shaft to the 
high speed shaft of the reducer through a flexible coupling. The 
slow speed reducer shaft being coupled to the shaft of the driven 
unit causes it to rotate at any predetermined speed, depending on 
the ratio which has been selected to meet requirements. 


Jones Reducers are adapted for driving practically all classes 
of mill, factory and plant equipment where a reduction in speed 
is necessary between the motor and the driven unit. They are 
particularly valuable where large speed reductions are to be in- 
stalled in confined or restricted quarters, and where positive as 
well as economical operation is essential. 


A few of the advantages obtained by the use of Jones Spur 
Gear Speed Reducers, as compared with other forms of trans- 
mission used to secure the same reductions in speed, are as fol- 
lows: ° 


1. Jones Spur Gear Speed Reducers occupy less space than 
other devices necessary to accomplish the same ratio of speed 
reduction. 


2. Acid fumes, abrasive dust, or other adverse atmospheric 
conditions do not affect the successful operation of Jones Re- 
ducers. 


3. Shafts and bearings are relieved of all cross strains and 
transverse loads. 


4. Slide rails and adjustments for correct center distances 
are unnecessary where Jones Speed Reducers are used. 

5. They require practically no attention; and are quiet, effi- 
cient and durable. 

6. Jones Spur Gear Speed Reducers will decrease your in- 
stallation costs. 
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WITH THE EQUIPMENT MANUFACTURERS 
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7. All safety laws are complied with: There are no exposed 
moving parts that will cause injury to workmen. 


Today, the works manager, superintendent, chief engineer, and 
master mechanic all realize that when installing new machinery, © 
efficiency and safety are of prime importance, and that mainte- 
nance and working life must be considered as well as the first 
cost. The Jones Spur Gear Speed Reducer will bear the closest 
scrutiny along these lines. 


The Jones Spur Gear Speed Reducer is designed to accom- 
plish in the most direct and economical manner electric motor 
speed reductions in the various forms of industry. Its construc- 
tion is simple, durable and compact, and once installed it requires 
no further attention, aside from an occasional supply of oil. It 
is fool proof, and dust proof, and it eliminates all the troubles 
common to belts, gears, chains or ropes, such as stretch, misalign- 
ment, lack of attention, excessive wear brought about by adverse 
atmospheric conditions; and on account of its totally enclosed 
feature affords complete protection against injury to careless 
workmen coming in contact with rapidly moving parts. 


NEW HELICAL WORM GEARED CRANE LADLE. 

The Whiting Corporation have recently put on the market a 
new style “Helical Worm” geared crane ladle. The distinguish- 
ing feature of this new ladle design is the fact that the gearing 
is mounted on the trunnion instead’of on the bail. Consequentiy 
any distortion of the bail or bowl will not interfere with the 
alignment of the gears. A further advantage of this arrange- 
ment is that the gear alignment is not affected by wear on the 
trunnion journals. 


This gear combination has the self-locking feature of worm 
gearing but by virtue of the balanced thrust obtained through the 
helical gears, and the efficiency of this gearing being much higher 
than that of the ordinary worm gearing, the power required to 
rotate is considerably less. The helical gear on the hand wheel 
shaft meshes with a helical gear on the worm shaft. The worm 
shaft is placed at an angle so that the worm will properly mesh 
with the large straight-toothed gear keyed to the trunnion. The 
large straight-toothed gear is of cast steel; the worm and helical 
gears are forged steel. All gears have machine cut teeth. The 
construction of the gear case is such that it will accommodate 
several different ratios of helical gears, depending on the speeds 
desired. This new style gearing is completely enclosed in dust- 
proof cover, yet readily accessible for inspection. Small oil 
cups with spring caps provide ample lubrication. 


It is built under U. S. Letters Patent, Nos. 1,323,137 and 
1,357,599 by Whiting Corporation, Harvey, II. 


EFFICIENT COOLING COMPOUND FEED SYSTEM 
ADOPTED BY CLEVELAND MANUFACTURER. . 
In a recent visit to the Cleveland plant of the Steel Products 

Company, the writer witnessed a somewhat unique system for 

delivering oil or water to drill presses, lathes, tapping machines, 

centering machines, screw machines, etc., a large supply being 
constant to the latter whether the machines were running for- 
ward or in reverse. 

The pumps used were a new type Ross “Two-Way” Cen- 
trifugal pump manufactured by the Ross Manufacturing Com- 
pany also of Cleveland. 
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C. F. Banty has been appointed general foreman of stationary 
engines, South Side plant, Jones & Laughlin Steel Co. 
yey 
F. H. Moyer, formerly chief engineer of the Cambria Steel 
Company, Johnstown, F’a., has accepted the position as assistant 
to the plant manager with the Pittsburgh Crucible Steel Com- 
pany at Midland, Pa. 


ye 


I. H. Billiar, works engineer of the Duquesne Steel Foundry 
Company, has been appointed assistant engineer of the Mayville, 
Wis., plant of the Steel & Tube Co. of America. 


> 


A. V. Rigby, formerly assistant general superintendent of the 
Farrell works of the Carnegie Steel Company, has been elected 
president of the recently incorporated Rigby Valve & Machine 
Co., Sharon, Pa. 

Veo ¥ 


Walter B. Clasper was presented with a gold watch and a 
fob recently by the management of the American Sheet & Tin- 
plate Co., of McKeesport, Pa., when he joined the pension list. 
Mr. Clasper, who is 65 years old, has been in the employ of the 
company for 43 years. 

ye 


A. S. Taylor, formerly of the Bethlehem Steel Company, 
the Allegheny Steel Company, and for the past eight years, chief 
engineer of the United Alloy Steel Corporation, Canton, O., has 
gone to California to accept a position with the Moreland Truck 
Company at its new plant in Burbank. 


¥ -¥ 
J. E. N. Carlson, formerly testing engineer for the National 
Tube Company at McKeesport, Pa., has been appointed steam 
engineer of the Gulf Refining Company at Port Arthur, Texas. 
a a 
Calvin W. Verity, formerly head of the betterment depart- 


ment of the American Rolling Mill Company, Middletown, O., 
has been elected treasurer of that company. 


Vv 
Walter F. Ingals has been elected vice president of the Cen- 
tral Tube Company, Pittsburgh, Pa. Mr. Ingals has been general 


sales manager of the company since 1909, when it was organized, 
and he will continue as general sales manager. 
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Col. W. P. Barba, former vice president Midvale Steel & 
Ordnance Co., has been elected chairman of the board of di- 
rectors of the Penn Seaboard Steel Corporation, Philadelphia, 
succeeding Rodney Thayer, who resigned. Mr. Thayer has re- 
turned to Europe where he will remain indefinitely. Alfred P. 
Sloan, Jr., vice president General Motors Corporation, has been 
elected a member of the company’s board of directors. This 
makes two officials of the General Motors Corporation who are 
now serving as directors of Penn Seaboard Steel Corporation, 
the other being J. C. Weiss, president Hyatt Roller Bearing 
Company, Harrison, N. J., which is a subsidiary of General 
Motors. 


Vv 


A. P. Preyer has been appointed Cincinnati district manager 
of the American Rolling Mill Company to succeed J. A. Henry, 
who resigned to enter business in Chicago. Mr. Preyer has been 
connected with the American company for over 15 years at the 
Middletown offices. He took over the Cincinnati office on Jan- 
uary 1. 

Vv 


D. E. Sawyer was again elected general sales manager for 
1921 at a recent meeting of the board of directors of the Pollak 
Steel Company, and is still located at the New York office of 
the company. S. K. Morrow, formerly manager of operations, 
is now manager of sales’ for the three plants, with the offices at 
the Cincinnati works. C. G. Talbott, formerly assistant manager 
of operations, is now manager of rolled products for the Marion 
plant. A. C. Weihl, for several years.superintendent of the Cin- 
cinnati plant, is now general works manager in charge of opera- 
tions and productions of the Cincinnati, Chicago and Marion 
plants. V. W. Prather, formerly cost auditor for the Cincinnati 
plant, is now general cost auditor of three plants. R. A. Mitchell 
takes the position vacated by Mr. Weihl to become superinten- 
dent of the Cincinnati plant. J. H. Deickman becomes manager 
of materials and inspection of three plants. W. P. Woods be- 
comes auditor and G. H. Tallaksen, superintendent of the Chi- 
cago plant. 


y ¥ 


Max Maag of Zurich, Switzerland, inventor of the gears and 
machines that bear his name, sailed for home on December 4, 
after several weeks in this country, spent in looking after his 
gear interests here. He expects to return in the spring. 
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W. R. Webster has resigned his position as assistant chief 
engineer for the Cambria Steel Company, Johnstown, Pa., to 
become general engineer of the Semet-Solvay Company, Syra- 
cuse, N. Y. 


Vv 


W. A. Maxwell, Jr., of Westmont, Pa., assistant general 
superintendent of the Cambria Steel Company, Johnstown, Pa., 
resigned, effective November 22, to accept the position as general 
superintendent of the Inland Steel Company plant at Indiana 
Harbor, Ind. H. A. Berg also of Westmont, superintendent of 
the blast furnace operations of the Midvale Steel & Ordnance 
Co., succeeds Mr. Maxwell. : 

vv 

Frank Thornton, Jr., chief engineer of the Westinghouse 
Electric Products Company, has been appointed manager of the 
electric heating engineering department of the Westinghouse 
Electric & Mfg. Co. 

VM 


F. G. Allan, of Toronto, has been appointed general manager 
of the Pressed Steel Metals Company of Canada, Ltd., and 
American Bushings Corporation, in succession to J. W. Leighton, 
who is now chief engineer and supervisor of works. In addi- 
tion Mr. Leighton will devote a portion of his time to the 
development of the patented bushings and tube processes. 


vy -¥ 


John H. Mowrey, of Philadelphia, Pa., has recently been 
chosen as the new general manager of the Worcester Pressed 
Steel Company of Worcester, Mass., and will assume his new 
duties January l. 

Viv 

William Philip Barba, who recently was elected chairman of 
the Penn Seaboard Steel Company, Philadelphia, Pa. formerly 
was prominently identified with the Midvale Steel Company, and 
the Midvale Steel & Ordnance Co. He was born in Philadelphia, 
March 6, 1865, and received his education in the schools of that 
city. He entered the employment of the Midvale Steel Company 
in 1880. He was appointed chief chemist in 1899. Five years 
later he was made head of the manufacturing department. In 
1908, he was appointed general manager of sales, and in 1911, 
general superintendent. In 1915 he was made general manager 
and later in the same year, upon the acquisition of the property 
of Worth Bros. Company, Coatesville, Pa., by the Midvale Steel 
& Ordnance Co., he became vice president of the Worth Com- 


pany. Later, he became vice president of the Midvalle Com- 
pany, which office he held at the time of his retirement some time 
ago. He was also president and director of the Midvale Steel 
Company of Philadelphia and London, Ltd., and a director of 
the Midvale Steel & Ordnance Co. 
eae 
Willis F. McCook, president Pittsburgh Steel Company, was 
tendered a complimentary dinner and presented a gold loving 
cup by a number of his friends and associates at the University 
Club, Pittsburgh, on January 19, the anniversary of his birth. 
Vv 
Dr. A. C. Lowry was elected president of the Marting Iron 
& Steel Co., at the annual meeting of stockholders at Ironton, O., 
on January 12. Other new officers are: Vice president, A. H. 
Mitendorf; secretary, Miss Margaret Rief; treasurer, C. E. Sulli- 
van. The officers with C. A. Thompson, Dr. J. W. Lowry, W. P. 
Lewis, F. L. McCauley, F. L. Marting and C. B. Fowler, consti- 
tute the board of directors, C. A. Thompson being elected chair- 
man. yy -v 


Dr. H. S. Murat has been appointed chief surgeon of the 
American Rolling Mill Company, Middletown, O., and will de- 
vote all his time to the interest of the employes and their fami- 


lies. ¥'°¥ 


George H. Danforth, recently elected president of the Engi- 
neers Society of Western Pennsylvania, is structural engineer 
of Jones & Laughlin Steel Co., Pittsburgh, and has been with 
that organization since 1900. He started as assistant structural 
engineer, assuming his present position four years ago. Mr. Dan- 
forth was born at Chelsea, Mass., 48 years ago, and for five 
years prior to becoming identified with the Joues & Laughlin 
Steel Co., was with the New Jersey Steel & Iron Co., Trenton, 
N. J., subsequently absorbed by the American Bridge Company, 
and the plant of which is now one of the fabricating shops of 
that company. He is a member of several Pittsburgh organiza- 
tions and is‘a director of the Pittsburgh chapter of the Ameri- 
can Welding Society. : 

vv 

Louis A. Way, for the past four years works manager Lewis 
Foundry & Machine Co., Pittsburgh, has resigned and on Febru- 
ary 1, becomes assistant to the president of the Duquesne Steel 
Foundry Company, Pittsburgh, in charge of sales. Before join- 
ing the Lewis Company, Mr. Way for about 16 years had been 
with the Duquesne Steel Foundry Company. 
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The Kansas City Bolt & Nut Co., Kansas City, Mo., is arrang- 
ing for the installation of equipment at its new rolling mill, as 
originally planned, in the near future. Partially equipped, opera- 
tions were inaugurated at the plant in December, and by the close 
of the present year it is expected to have the plant in full produc- 
tion. The installation will include a 22-inch finishing mill, four- 
stand, 12-inch continuous mill, 10-inch mill and 8-inch mill. 
The plant will specialize in the manufacture of merchant bars of 
small sizes and small structural shapes. It is proposed to develop 
an annual capacity of about 100,000 tons. In the open hearth 
department, two 50-ton furnaces have been installed and placed 
in service. These units will be augmented by three other fur- 
naces, now partially constructed. 


The Joliet Steel & Iron Company, Joliet, Ill., has awarded a 
contract to the B. & B. Construction Company, 6248 South 
Michigan avenue, Chicago, IIl., for the construction of an addi- 
tion to its plant for increased capacity. The,structure will be 
one-story, 75x160 feet, and is estimated to cost about $50,000, in- 
cluding certain alterations in present plant. 


The Falcon Steel Company, Niles, O., has completed the in- 
stallation of a new galvanizing department at its local sheet mill, 
comprising three main galvanizing pots. Preliminary plans are 
under way for extensive plant additions, doubling approximately 
the present output. The present works comprises six sheet mills 
and two large jobbing mills, and this installation will be prac- 
tically duplicated. Up to the present time the company has 
specialized in the production of black and blue annealed sheets. 
It is planned to commence construction of the new plant units as 
soon as conditions in the trade warrant. Lloyd Booth, formerly 
connected in an official capacity with the Trumbull Steel Com- 
pany, Warren, O., is president of the company. 


The Apollo Steel Company, Apollo, Pa., has construction un- 
der way on a number of additions to its plant for extensive in- 
creased capacity. The structures include four new sheet mills, 
two jobbing mills, two new galvanizing pots, pickling department, 
warehouse and a number of miscellaneous structures. The new 
additions will develop a capacity of about 50,000 tons of finished 
material a year. It is expected to have the different units ready 
for service early in the spring. A number of electric-traveling 
cranes will also be installed. : 


The Fabricated Steel Products Corporation, 13 Park Row, 
New York, N. Y., is completing plans for the erection of an 
addition to its plant at Leetonia, O., for increased production. 
The new extension will be one-story, 90x115 feet, and with equip- 
ment is estimated to cost in excess of $50,000. The company 
specializes in the manufacture of tanks, pipe, troughs and kin- 
dred products. Harry Lindemann is president. 


E. G. Tillotson, Cleveland, O., is at the head of a project to 
establish a new company for the operation of the Temple blast 
furnace of the Seaboard Steel & Manganese Corporation, located 
at Temple, Pa. The plant was recently secured by Mr. Tillotson 
and associates at a public sale for a consideration said to be 
about $75,000. The plant consists of two alternate stacks, one 
of 6,000 tons capacity per month, and the other rated at 4,000 
tons. It is said that the new company will make a number of 
improvements in the plant. 


Google 


The Bethlehem Steel Company, Lebanon, Pa., has construc- 
tion under way on a battery of nine oil-burning drag furnaces, 
and two new over-fired heat-treating furnaces. A new cooper 
shop and galvanizing works are also in course of erection and 
are expected to be ready for service at an early date. Other 
buildings include a wire-drawing and pickling department. New 
electrical equipment will be installed at the power station at the 
works. At its Steelton plant the company is making a number 
of similar extensions, including nine oil-burning drag furnaces. 
installation of a number of new gas producers for the mill heat- 
ing furnaces, new crane runway, motor-drive for 44-inch mill, 
and miscellaneous improvements for increased production in 
different departments of the plant. 


The Pacific Coast Steel Company, Seattle, Wash., with works 
at Youngstown, near Seattle, has construction under way on a 
number of improvements at its mills for increased production. 
A new building, 88x420 feet. is now nearing completion, to re- 
place a former 16-inch roughing mill and 12-inch finishing mill. 
The equipment in the new building will be arranged to operate 
in tandem, electrically driven. The two finishing sets of the 12- 
inch mill will be equipped with automatic hotbeds, as well as with 
dividing shear, located between the roughing mills and finishing 
mills. A new 14-inch roughing mill with 10-inch finishing mill 
will be installed at the plant, to be equipped with two stands of 
8-inch rolls, driven independently. This latter equipment will 
be used for the production of small bars and shapes. A new 
universal train for rolling plates up to 20 inches wide will be 
installed in connection with a present 22-inch mill. It is ex- 
pected to complete the majority of this work early in the present 
year, and place the equipment in service immediately thereafter. 
At its open-hearth stcel plant the company has four 40-ton fur- 
naces, utilizing scrap and pig iron. The different products in- 
clude open-hearth billets, channels and other structural shapes. 
sheet bars, merchant bars and other specialties, particularly of 
small size. A branch works is operated at San Francisco, Cal., 
consisting of an open-hearth steel plant and finishing mills. The 
open-hearth department has four 40-ton and two 25-ton fur- 
naces, as well as finishing mills of different size. The open- 
hearth units are using scrap and pig iron. This plant has a 
capacity of about 10,000 tons of material a month, or the same 
as the Youngstown works. E. M. Wilson is president of the 
company; executive offices are located in the Alaska Building, 
Seattle. 


The Trumball-Cliffs Furnace Company, Warren, O., is con- 
sidering plans for the construction of a new blast furnace of 
about 600 tons capacity. It is expected to have the new unit 
ready for service at an early date, with entire output utilized at 
the works of the Trumbull Steel Company, with which the organ- 
ization is afhliated. A new ore-handling bridge and car dumper 
will be constructed in connection with the new furnace. The 
Cleveland Cliffs Iron Company, Cleveland, O., is also interested 
in the company. 


The Sharon Steel Hoop Company, Sharon, Pa., has plans 
under way for the construction of an addition to its plant for 
increased capacity. The proposed structure will be of brick and 
steel, and is estimated to cost about $150,000. The J. H. Herron 
Company, 1350 West Third street, Cleveland, O., is architect and 
engineer. 
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: Some Pointers on By-Product Coke Oven O perations 


ACCIDENTS IN BY-PRODUCT COKE OVENS. 


(Continued from page 151) 


the use of ordinary care in the operation of this de- 
partment. While it is true that the industrial railroad 
is much more dangerous than the public carrier, due 
to cramped yard conditions and usually poor track 
clearance, yet the hazards are the same and can be 
guarded against just as well. 


The one great thing needed to make safety show 
results in the coke oven industry is the furthering of 
foreman education. Foremen are lax about taking the 
responsibility of educating the men placed under their 
care in the rudiments of prime safety. There is as 
much difference between telling a man to be careful 
while doing a job and telling him the safe way to do 
it, as there is between day and night. Foremen are 
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Fig. 3—Comparison of the fatality rates of the by-product 
ovens and the iron and steel industry for the years 1915-17. 
Number killed per 1,000-300 day workers. 


hired to direct the work properly and not to leave it 
to the workman’s own way of doing it. After a plant 
is pretty thoroughly guarded foremen should be held 
to strict accountability for all accidents occuring to 
their men. They should be called on the carpet on 
account of a serious accident to one of their men just 
as quickly as they would in case of some defect in their 
work or production. Foremen that have many acci- 
dents have not got their men working with them, not 
only in accident prevention, but in all lines of work. 
You can’t be an efficient foreman and have accidents 
in your department, because accidents and efficiency 
do not mix well. 
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Enough data has been given to show where the 
greatest effort must be put forth in order to reduce 
the accident rate of the industry, and it is up to you 
to look your organization over and see where your. 
accidents originate. Are you behind your safety de- 
partment as you should be? Makes no difference how 
small your plant, you should have some kind of a 
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Fig. 4—Comparison of the satan rates of the beehive coke 
ovens and by-product ovens for the years 1915-19.. Num- 
ber of fatalities per 1,000-300 day workers. 


safety department in order to keep your accidents at 
the lowest possible minimum. 


Acknowledgement is hereby made for the free use 
of Government Bulletins in the preparation of this 
manuscript, especially the one by W. W. Adams, on 
“Coke Oven Accidents for the Year Ending December 
31, 1919.” All assistance possible should be given to 
the Department of the Interior in the preparation of 
these bulletins, realizing that you are rendering a 
service to mankind in general when you do it. The 
alleviation of the suffering and misery due to acci- 
dents should be one of your guiding principles in the 
conduct of your business. 


The Atlas Crucible Steel Company, Dunkirk, N. Y., has con- 
struction under way on a new wire mill at the plant, forming an 
extension to the present department at the plant. The company 
has arranged for the operation of additional equipment during 
the coming year, to include a new 16-inch and 26-inch rolling 
mill, to be used exclusively for alloy steel manufacture. It is 
proposed to develop an additional capacity of about 20,000 tons 
with the new units. 


Vv 


In an article entitled “Steel Plant Power Generation From 
Waste Heat and Coal,” which appeared in the December, 1920, 
issue of BLAST FURNACE AND STEEL PLANT, the author’s name 
did not appear along with the footnote which should have read, 
“abstract of paper delivered before the Association of Iron and 
Steel Electrical Engineers Society by B. H. Greene, Steam En- 
gineer, United Alloy Steel Corporation, Canton, O. 
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H. J. Moyer, who has jointly repre- 
sented Yarnall-Waring Company and 
Nelson Valve Company, for the past sev- 
eral years in the Chicago territory, has 
now severed his connection with the lat- 
ter concern, and will henceforth repre- 
sent the Yarnall-Waring Company ex- 
clusively in that field, as district mana- 


ger. Mr. Moyer’s office is now located 
at No. 58 West Washington street, 
Chicago, Il. 

The Wellman-Seaver-Morgan Co.’s 


Atlanta district office has been trans- 
ferred to Birmingham, Alabama, Room 
302, American Trust Building. Mr. 
Quinn W. Stuart continues as district 
manager. 


A. E. Hogrebe, mechanical and elec- 
trical engineer, of Baltimore, Md., has 
been appointed sales engineer of The 
Champion Engineering Company, of 
Kenton, Ohio, manufacturers of Cham- 
pion electric traveling cranes, in charge 
of crane sales for the newly created 
Baltimore territory so R. W. Walls. vice 
president and general manager of The 
Champion Engineering Company an- 
nounces. Mr. Hogrebe has been identi- 
fied with the design and later with the 
manufacture and sales of electric travel- 
ing cranes since 1891, having been con- 
nected since that time with the follow- 
ing crane builders: Yale & Town Mfg 
Co., Stamford Conn.; Brown Hoisting 
Machinery Company, Cleveland, Ohio; 
Pawling & MHarnischfeger, Milwaukee, 
Wis. He was also chief engineer from 
1899 to 1917 of the Niles, Bement, Pond 
Company, Philadelphia, builders of Niles 
cranes. 


The Locomotive Superheater Com- 
pany, with general offices: 30 Church 
street, New York City, announces that 
on January 1, 1921, they will open their 
own company office at 382-388 Union Ar- 
cade building, Pittsburgh, Pa. John R. 
LeVally, formerly sales engineer with 
the Chicago office of the Locomotive 
Superheater Company, has been ap- 
pointed district manager. 


The U. G. I. Contracting Company. of 
Philadelphia, has appointed A. E. Blake 
to be its representative in the Pittsburgh 
district, beginning January 1, 1921, with 
offices in Union Arcade. Mr. Blake has 
represented the Surface Combustion 
Company, of New York, in the Pitts- 
burgh district for the past three years. 


The Whiting Foundry Equipment 
Company, Harvey, IIl., announces that 
it has changed its name to Whiting Cor- 
poration. increasing its authorized capi- 
tal stock from $700,000 to $3,000,000. The 
Whiting Corporation remains under the 
same management and will continue the 
manufacture of cranes, foundry equip- 
ment and railway specialties as hereto- 
fore. 


In the January issue of THE Bast. 
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FURNACE AND STEEL PLANT it was stated 
that Smith Gas Producers had been or- 
dered by the Electric Storage Battery 
Company. Statement was made that the 
producers installed were the Smith Type 
“G” for using bituminous coal. The 
producers installed were not the Type 
“G”" but the Smith Type “E” Producer, 
for use with anthracite coal. 


The Wellman-Seaver-Morgan Com- 
pany report the receipt of an order from 
the Western Maryland Railway Com- 
pany for an improved boat loading plant 
for cargoing and bunkering all sizes of 
vessels from bay schooners and tugs to 
20.000 ton ships. The equipment is to be 
installed at Port Covington, Baltimore. 


The Northern Engineering Works. 
crane and hoist builders of Detroit, have 
established a new office in the Pitts- 
hurgh district. The office is located at 
6°90 Union Arcade Building. and will be 
in charge of J. B. Laird, who has hith- 
erto represented the company in west- 
ern New York and northern Pennsy]- 
vania,. 

The Mesta Machine Company, of 
Pittsburgh, Pa., announces the opening 
of a branch office at Chicago. Ill. The 
offices are temporarily located in the 
Railway Exchange Building, but will be 
moved to permanent quarters in the 
McCormick Building after April 1. The 
Chicago office will be in charge of Mr. 
C. J. Mesta, second vice president of the 
company. Messers. W. R. Dawson and 
R. W. Schutte will be transferred from 
the Pittsburgh offices to Chicago. 


The Mesta Machine Company has re- 
cently opened offices in the Singer 
Building. New York Citv. The offices 
are in charge of M. M. Moore who was 
formerly export sales manager, located 
at Pittsburgh. Frank A. Mesta will also 
be transferred from the Pittsburgh office 
to the New York office as assistant to 
Mr. Moore. The company will retain 
its offices in the Munsey Building, Wash- 
ington, D. C. 


After endeavoring for some time to lo- 
cate suitable office space in St. Louis. 
The Cutler-Hammer Mfg. Company, of 
Milwaukee, has finally secured offices in 
the Railway Exchange Building, Suite 
No. 2111. This office is a branch of the 
Chicago district office, and its need has 
heen evident for some time because of 
the increasing amount of business done 
in the St. Louis territory. Mr. Harold 
Phillips, formerly of the engineering de- 
partment, of Chicago. and later office 
manager of the Chicago office, will be in 
charge of the new St. Louis branch. 
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The Aldrich Pump Company, of Allen- 
town, Pa., manufacturers of triplex and 
quin triplex power pumps and hydraulic 
machinery, have recently issued Pump 


, Data No. 47 illustrating a part of a large 
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group of pumps which they term, “modi- 
fied pot chamber water end type”. be- 
cause of the fact that the working barrel 
and valve chambers of each plunger are 
contained in single and interchangeable 
castings or forgings. 


The Milwaukee Electric Crane & 
Manufacturing Company, of Milwaukee, 
Wis.. has just issued a new 48-page cata- 
log illustrative and descriptive of the 
complete line of cranes made by this 
company. Much valuable information, 
the result of 25 years of active experi- 
ence in the designing and building of 
hoisting machinery for shops, foundries, 
steel plants, and other establishments is 
incorporated in this book. : 


The Electric Furnace Construction 
Company, PhrHadelphia, announces the 
starting up of a “Greaves-Etchells” Elec- 
tric Furnace at the Holmes Foundry 
Company’s plant, Port Huron, Mich., for 
refining and superheating molten cupola 
metal. 


“Chronology of Iron and Steel” is the 
title of a recent book distributed by the 
Pittsburgh Jron and = Steel Foundries 
Company. The data was compiled by 
Stephen L. Goodale, Professor of Metal- 
lurgy in the University of Pittsburgh. 
and was edited by J. Ramsey Speer, 
Chairman of the Board. Pittsburgh Tron 
and Steel Foundries Company. The fol- 
lowing editor’s note best explains the 
nature of the text “we have given facts 
as we have found them,” referring to the 
American, the English, the French. the 
Swedish and German peoples and many 
others. 


Ross Heater & Mafg. Co.. of Buffalo, 
N. Y.. have issued Catalog F, which 
covers the Ross Heater of the closed or 
tubular , type, the general features of 
which are well known to those familiar 
with this class of machinery. 


The Cutler-Hammer Mfg. Co., of Mil- 
waukee, Wis. are distributing a new 
publication, 875, which will be of interest 
to men of the gas industry. It is a 12- 
page, 8'4 x 11 booklet descriptive of the 
Thomas Meter, which is used for meas- 
uring large quantities of commercial 
gases and air. The operation of the 
meter is briefly given so as to be readily 
understood and its various uses are pre- 
sented. This meter measures the gas 
directly in standard cubic feet with no 
corrections necessary for pressure, tem- 
perature and atmospheric conditions, 
and the panel on which the totalizin, 
and recording instruments are mounted 
may be located at any convenient place 
where the readings are desired, which 
may be quite a distance from the meter 
housing. The various parts of the meter 
are illustrated and described and several 
views show installations in blast furnace 
plants, steel mills, city gas plants and 
distributing gas companies. 


Member of the Audit Bureau of Circulations. 
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Installation of Five Mesta Gas Blowing Engines. 


UTILIZE YOUR BLAST FURNACE GAS TO 
THE BEST ADVANTAGE BY INSTALLING 


MESTA GAS BLOWING & POWER ENGINES 


The amount of gas liberated from the average Blast Furnace under normal operating conditions is about 
150,000 cu. ft. per ton of pig iron produced. Of this amount the following distribution is made :— 


Consumed: by ‘Rot: binSt: stOVe6 <.¢44e6s s scceeveens cccsesindee 30 to 32% 
a “ Gas Blowing Engines....................4- 10 to 12% 


auxiliaries and loss by leakage............ 8 to 10% 


This surplus gas, when utilized in Gas Engines for the generation of power to be used outside of the 
Blast Furnace Plant, will deliver, continuously, at least 25 Horse Power per ton of Iron produced, which 
is more than sufficient to operate the usual Steel Plant. 


-MESTA MACHINE CO., PITTSBURGH, PA. - 
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